NE 
4 
i 


= 


IT ATA 


An llustrated Weekly Journal. 





OFFICES FOR ADVERTISEMENTS AND PUBLICATION, 


35 & 36, BEDFORD STREET, 


EDITED BY WILLIAM H. MAW AND B. ALFRED RAWORTH. 


STRAND, LONDON, W.C.- 








prow OIL—No. 2631.] 


LONDON: FRIDAY, JUNE 2, 1916. 


+ [PeetOfice as « Newepaper. 


Pricx...6d., 
By Lytanp. Posr, 8d. 








Aeling & Porter, Ltd., 
+ Rocussrar, Kxnt, 
and 72, Caswon Stauxt, Lonpon, 
TEAM ROLLERS. = ROAD LOCOMOTIVES. 
_ §TEAM OULTIVATING MACHINERY. 
\gTEAM WAGONS. ano age 
ee MAOHINERY- 


T OULYER STREET WORKS, COLOHESTER. 
: On ADMIRALTY aND War Orrics Lasts. 
- BNGINES for Boats. ¥achts, Launches, 
BO) FEED PUMPS. 
See Advertisement, page 24, last week. 
PATENT WATER-TUBE BOILERS, 
AUTOMATIO FEED REGULATORS 
A Machinery as eu to the 
And Auxiliary Sameaity. pplied feat 


eaplane. Constructors. 
5045 


JOHN SAMOEL WHITE & COMPANY, Lrp., 
Shipbui 


Iders and —- 
eet LW. 


of labour. No noise. No dust. No dirt. 

See natk 30%: ear of Sent , F. J. 

ae Naval Archi _ 
Surveyors, 43, Bldge., Billiter St. woomar ” | . 
4835 


G. Wilkinson & ones 


Ape are 
OUTTING, } in. 
Pay », Also IRON O 


Gs Engines, Suction Plants, 
Inspec! Teste and 
eed Suntiord. - Teluphogee : Past i860 Strattord 
500. Tel. : Rapidising, London. 


Petter Lo oe moe 


PETTE RS Le, Teen ecioreen, Yeovil. 
san our Illustrated Advt, every alternate 


P. & W. MacLellan, Limited, 


OLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY OARRIAGES AND WAGONS, 
CY BVERY DESCRIPTION, 
RAILWAY IRONWORK, BRIDGES, ROOFING, &o. 
Ohiet Offices: 129, Trongate, Guaseow. Od 8547 
Registered Office : 1084, Cannon S8t., London, E.O. 


team Hammers with or 
Without Hand-worked or self-acting 


TOOLS for SHIPB BULL ERS & 
_DAYI&PRTMROGR, Locvan, Lavra, Eomsvnen. 
Brett's Patent Litter Co: 


H= ers, Presses, Furnaces, 
Beve:. Dorie & Co., Lid, 
BRAD 


HIGH.CLASS ENGINES FOR ALL 
also WINDIX( HAULING, AIR 
i and PUMPING ENGINES. 


(\ranes. 
EYI 


OzRao 
































-Electric, Steam, |5 
XAULIO. and HAND, 


= RUSSELL & OO., Lr»., 
fotherwell, Glasgow. 








R. ‘{cber Radford Son «Squire, 
NGINRERING, IRON aD StERL Worxs. 
cnabiinned Valuers, fover 60 years. 
Geese ute Ex ARBITRATORS AND 

ee {emrts. Genior Partner, R. Hasan 





pound 
4986 coupled to BLE, Dye Dynamo, ae as Ker ito volte 





Yarrow & & Co., Ltd., 
SHIPBUILDERS AND ENGINEERS, 


7 SPEEDS UP TO & Sitas ak Booe 
PADDLE OR SOREW STEAMERS 0 


Exceptional § Shallow Draught. 


PROPELLED BY STEAM 
Turbines or 


=| Internal Combustion Engines. 


(Sampbells & Harter, L,4 


SPECIALISTS IN 
Drilling & Boring Machinery 
tor Engine Works and Boiler Shops. 
DOLPHIN FOUNDRY, LEEDS. 4547 


°¥ achts, Launches or Barges. 


Se ee a ee, etrol 
ery supplied. Od 8551 








Motors ; 
VOUPaE age 0o., aay Broap Srrust, Porrsmours. 


ank Locomotives. 
es ot eee ee 


R. &W. HAWTHORN, LESLIE LESLIE & 00., Lap., 
ENGINEERS, NEWCASTLE-OX- Tren. 


(Cochran 








MULTITUBULAR AND 
OROSS-TUBE TYPES 


| BK 
See page 78. 6020 


| Machine ‘Tools in Stock :— 


Vertical DRILLS, to admit 18 in., 26 in., 
and 36 in. diameter. Bolt Sore MACHINES. 
10}in, centre 8) Eg. 
hand ine ft. by 6 ft. by 6 ft. 

AMES SPENCER & O0., Lr>., 
Chamber Iron a Works, Hollinwood, Manchester. 


I ocomotive for Hire, 13 by 18 

six-coupled Manning-Wardle, built 1910, first- 
class condition. — WOLVERHAMPTON 
GATED IRON O00., Lap., Ellesmere Port. 


OCORRU- 
E 305 





N ew Chicago Automatics, 
Three Sizes, Delivery from Stock, 
NEW CAPSTANS, i}in. through the wire feed. 


JOHN MACNAB, Mary Strreet, Hror. 


Tel. No. : 78 Hyde. 


4629 





oilers 


a a ” 270 


Hee Nelson & FOs.; Saas 


Fe yep par rhe dyn mimpguenn onetearat 
ARS and EVERY OTHER DESCRIPTION 
BAILWAY, 4 





from 18 in. to 
4960 | 4 tt, 8} in. reat Pace, EC KERR, Greart & 00., Lrp., 


or | 28and 


oyles Limited, 
ENGINEERS, IRLAM, MANOHESTER. 
FEED WATER HEA’ 


OALORIFI ERS, EVAPORATORS, ; Row’'s 
CONDENSERS, AIR HEATERS, PaTEnts. 
STEAM anp GAS KETTLES. : 
Merrill’s Patent TWIN STRAINERS for a 
SYPHONIA STEAM TRAPS. REDUCING VALVES. 
class GUNMETAL STEAM FITTINGS. 
ATER SOFTENING and FILTERING. 4924 
[Tubes, Iron and Steel. 
Edwin Lewis & Sons, gos 


143, Gnton Qmee: Wolverhampton. 
Tn of pep 
Stewarts and L Jovas, L4 
BROAD srukr ¢ or CHAM CHAMBERS BIRMINGHAM ; and 


LONDON 
Seeman Hoos, Ou Broap Srazer, £0, 

LONDON WAREHO 157, Ure. Toames8r., E.0, 

LIVERPOOL WAR Sr. 
CARDIFF WAREHOUSE—. Burs Sr. 

BIRMINGHAM WAREHOUSES — Broan Sraner 

SHEERPCOTE be 

See Advertisement 4990 

& Donald, Ltd., Machine 

For class of Machine Tools see our Illustrated 

Advertisement every alternate week. 1858 

KERR, STUART & Pe Lap., have in stock 

or in an vanced state at their 

th cylinders from 6 in. to 16 in. 

diameter (inclusive), for all 














EHOUSE—63, PaRraviss 
WAREHO 
Sr., and 10, Ooasurn 8. 
page 26. 
(ri 
LL MAKERS, Jonnerors, near Glasgow. 

ocomotives in Stock.— 
California Works, Stoke-on ‘trent, @ large number of 
LOCOMOTIVES, wi 


5, 5, Broad Street Plac 


4570 


eparators 


EXHAUST | STEAM 
TURBINES, OOM.- 
PRESSED AI &o. 
STEAM DRYERS, 
METALLIC PACKINGS. 


rinceps & Co., 
SHE! FIELD. 5191 


MANUFACTURERS. 


Rubber 


Conveyor Belts 


GUTTA PERCHA & RUBBER, LIMITED, 
Toronto Canada. 5211 


Ready Immediate Despatch. 





Three exactly alike 30 by 9 Dish-Ended Lancashire 
len, ery insured 120 Ib., with Superheaters, Steam 
Feed Piping, 820 Tube Green’s Economiser and 
Bolles Feed Pumps, the — ens a complete 
plant. romghe se meh pres oe wy, 
Also the following Lancashire BOILERS, one each 
26 by 7, 90 ib. re; 20 by 7, 100 Ib.; 20 
by 7, 100 Ib,; 20 by 6 ft. 6 im, 80 Ib, with fittings 


Teo t Kw. see volts D.-O. GENERATING 
SETS, with spare Arma’ 
‘Also 90 Kw. GENERATOR 460/550 volta, 
Apply, GILMAN, Lightwoods Hill, Birm 


ie: E 378 


arrow Patent 


ae eee 


& UNDERTAKB “the 
PRESSING i) MACHINING of the 


sseauien teal 
. Lep., Scoretoux, GLASGOW, 


J ohn Bellamy, Limited, 
MILLWALL, LONDON, E. 1216 
GENERAL ConsTrucriONnAl, ENGINEERa, 
Boilers, Tanks & Mooring Buoys 
Stites, Perron Tanxs, Am Reostvers, Srest 
Onpixsys, Riverep Stsam anpD VsNTILATING PrPEs, 
Horrsrs, Sprcian Work, ReParrs OF All -Kunpay 


Et, CARRIAGES, ELECTRIO OARS, &o. 


urst Nelson & Co, LL 


edema: Aedes 


He Wrightson & Cr» 


LIMITED, 











See Advertisement page 85, May 12. 


GULD MEDAL—inxvawrions 
Peckham’ s PatentS er Scqpotel 
WEIGHING MACHINES. — EA 
ROAD ENGINEERING WORKS COMPANY, Luutran, 
ulic , Grain Ele 4 a 


Lonpon, a 
nae aan rem page t7, 4812 


Prop. Qtampings 


GARTSHERRIE ENGINEERING & FORGE ~~, 
50, WRLLINGTON Sraeer, GLASGOW. SRE 


Fe Sale, Two New ore: 


TIVES, 6 in. by 9in. cylinders, 2 ft. gauge.— 
Address, E 139, Offices of Exeinuxnina. 


(re good Second-hand Lainea- 


SHIRE BOILER, about 30 ft. 8 ft, form 
workin ae of not less than 160 he! — Address 
E 270, of ENGINEERING. 


Re Immediate Sale, before 
removal, 30 HP. Loco. BOILER with all fi 
in excellent condition. Also 12 in. by 24 in, aylii 
ENGINE. At Army Camp in Midlands,— 
apply, J. HODSON & SON Lrp., Castle Boule 
ott ngham. E 
ne Powerful Ke ete 
MULTI-TUBULAR BOILER -hand) 
Oft. 9 in. a Se te Np LF, Lane ‘or 160 Ib, 
“bun TE THOMPOOM, Be ete Werke Wolverhampton, . 
ae oo 
(['racings and Photo-co 1€8 | 


scr at PT 


(Official Contracters to the Aamlaty, 
01, York Street, Westminster 


OHANTIERS & ATELIERS 


‘Augustin . Normand 


67, rue de Perrey—LE HAVRE 
(France). 


Syreree, Torpedo ach 
Submarine all Wham 























ce Bala, very Excellent 


Com ENGINE, 


Fe. 
One 275 Kw. Belliss, 500 volte. 


One SURFACE CONDENSER, complete with 
pumps, 9000 lb. steam. 


Switchboard Equipment. 
All for immediate delivery. 
JENNINGS, West Walls, Newcastle on-Tyne. 


ae Engineer weet a 


Company, 
eee, aw. 


= TRAMWAY 


5256 














Mechanics and Metals 


National Bank 


OF THE CITY OF NEW YORK. 
EsTasuisuep 1810. 


OAPITAL (Fully Paid) - - + $6,000,000 
SURPLUS & UNDIVIDED PROFITS $9,000,000 


(jentrifugals. 


Pett (iassels & Williamson, 


MOTHERWELL, SOOTLAND, 
_ 4781 
Bee half-page Advertisement page 66, May 19. 


1 Pa Mites 1 
team ammers, 
_?e _Jammers, 

tamps, 


aws, 
STOCK. 









































[the Manchester Steam Users’ 


ASSOCIATION.—The ANNUAL GENERAL 
er ot the Members py in the 


add 
ITTEE OF MANAGEMENT. 
Apam Dvepa.e, -» Blackburn. 
Cuargies Heaton, -, Bolton. 
H. H, Surru-Cartneton, Esq., Openshaw, 


Manchester. 
Haroup Lez, Esq., Manchester. 
gg HopKinson Esq., D.8c., M. Inst. C.E., 
I, Mech. E., Manchester. 
ay ‘Warrenman, Esq., M. v. 0., B 
The Hon. Epwarp Cozens-HARpy, St. elens. 
Moved by Joux Ouark, \, Ena. Mesers. Henry Tate 
and Sons, Ltd., eg by Joun Mc’ ae 
5 Gas oubsboa ites Uamnea 
Hs rae RRP ang pte nted Auditors of 
cooun » appoin' o 
the leocuaalon'e accounts for 1916, at the same 
remuneration as before.” 
Mr. Dvepa.e having vacated the Chair, it was taken 
oe sey 7 Heaton, Eeq., when it was moved by 
anou Lax, Esq. (Manchester), seconded by Sevane 
Horeineos, tag D.8c., M. Inst. C.E., M. Inst, Mech. E. 
(Manchester), and carried with acclamation 
“Phat the thanks of the Association are due, and 
are cordially given, to Apam Dvepate, Esq., for 
Presiding a at Te meeting, and for the constant t service 


EDWARD A. BATEMAN, Secretary. 
9, Mount Street, Albert Square, Manchester. 
3ist May, 1916. E 876 


OXY.ACETYLENE WELDING FOR WAR SERVICE. 


he Council of the British 


fre Lay ogee & WELDING ASSOCIATION 
take pleasure in that have now 
Pap ene a CONBULTATI 





ct aainting In the Eline ih 
n of we! 
probions GRATUTTOL LY. The intention dye ve 
“Rpplye to THE SEORETARY, The British "Acetylene | if 
_ 7.4 Association, 108 and 104 . 
London, E. 6168 


A National Need. 


ng SCHOOL OF AERONAUTIOS, 
rships. OCenstruction, 
i ec 254, ‘Oatord Road, Manc 


Com: Postal 
mana. Pama of Institutions of 
STRUCTURAL ENGINEERING. 
Ro Particulars of Course of 
CORRESPON DENO! 
TL WasTulwecen ENOINEERIOG 
BUREAU,” OM Oak Road, Acton Park, ee 


ao 
a ee 





- 








APPOINTMENTS OPEN. 


BOROUGH POLYTECHNIC INSTITUTE, 
Boroven Roapv, Loxpon, 8.E. 


The Governors require, at once, the 
ervices of a Tempo 





orary 


LECTURER and DEMONSTRATOR in the] &md__ wage 


Day Toot ent, chiefly for the oes of the 
Oandidates should have had 
training, and 7s some teaching 
experience at the rate of £ do annum. 
ar re LS who are ineligible or military 
ay ee T. M'LDIS, Principal. 
MIDLAND GREAT WESTERN RAILWAY OF 
ELAND. 


PERMANENT WaT Om Y CHIEF INSPECTORS. 











ioe, 


Electrical Engineers. — | machi. 
Manchester. 4337 


igned | DRAUGHTSMAN 























siete ed ir, ae eis ot rae 
M ctallurgist As sigan 


chemically trained, be a a for pre. 
gg oH with some ¢ n rolling mili 
and pyrometry. 


on Government week will engaged.— 
nearest LABOUR EXCHANGE, a quoting E 374 


Ansiytical Chemist.— 


ANT Briggs monn mepeeest in 

















analysis of steel works pay tthe ee = 
Be engaged. A eee, aged on Gove LABOUR “SXCHANGE, 
urnaces. — Wanted, an 
EXPERT, Teng oot ft eons furnaces 
(solid fuel) for i tae setae The 
Foner bBo Saas cakank ean 
ent Lge se ol es | iy _—. -_ 
salary 
stimator aoe Imme- | ¥or 


diately, for See wee. Good experience 
in pee cost of aeroplane or motor-car parts 
(wood and metal) essential. Good salary, with pay- 
ment for overtime ; apa 4 No man aby 
Government work can be engaged.— 
in first instance, to your nearest BOARD TRADE 
GE, mentioning this a 


Wined, for Midlands, Lead- 


ING DRAUGHTSMAN with technical 





pnw any ae 2 in Lee ' fe 
engines. Knowledg nes use ° 
person already on Government work will be em ~ 4 


sitinccteeee 
anted, Immediately, Two 


First-class DRAUGHTSMEN, accustomed to 
furnace or er a work or steel works 4 
Exonswo ot Riving full we potttociane “pt peng 

wi 
required, ex ne . on No. ‘A 1306. < 


on Government work 
E 254 


Wanted for Clyde district, 


sane few good DRAUGHTSMEN, with experience 
or mechanical work.—A) pply, gi 
and salary 








nearest 
and No. A 1882. No person alread 


iene Metallurgist to | pp! 
ee ie eer 


EXOHANGE, an tinis | BM 


Mo ie, Foren, Wanted 


Liberal terms to capable man. No alread 

Se TRUE RCaIIO: satin 
y, A 

this Journal and E Pu cers 





—— AB ape Req uired accustomed 


to ah ree nk eeorg Be up water tube boilers. 
and constant if ment to suitable 


mnen- Neon one already complaped on Government work 
ur nearest LABOUR | 


be engaged. Ys 
EXCHANGE Seaton Journal and No. E 363. 





Eagineering Pupil. —Vacancy with 


nos with Firm Lar gem aes ge gg 
uring latest types machinery, oil 
premium. — ‘address, 6521, 


&e. ; ve 
At Large Firm of En 
YOUTH ot 


the Midlands, have an 0 
course to ii 
Address, 





jucation as premium the 
Mae both work and. drawing eon. 
‘of Exenrmzrine. 


> 








SITUATIONS WANTED. 





eneral Manager.—Engineer 

(43), OPEN to Forage of POSITION as 
— Excellent a and 

ng or allied 

advertiser being 


Sioa but not coneuia 


confidence 
ENGINEERING. 





ngineer’s eae 
ears’ experience in London with one of 
the best ritish engineering firms WANTS similar 
POSITION, leaving on account of firm being taken 
over for munitions, —E 883, Offices of ENGINERRING. 


ngineer, M.I.M.E.,: First- 


class B.o.T. certificate, DESTRES EMPLOY- 
MENT on War work. Sound general mechanical, 
civil, 1 Nes ae congo: 9 rae ac ny Expert de- 
mn of 





y-— 


lectrical and Mechanical 
Engineer, DESIRES CHANGE; 11 years 

t situation, age 45 years, years British 
esting house ; seeks cheens of power house, foreman 
millwright, or aang Salary £160. Excellent 
references.—Address, K 355, Offices of EN@rvexrine. 


ngineer with 28 years’ ex- 
rience, last 10} = ears’ automobile engineer- 


PEN to ENGAG f4 Assoc. Mem. Inst. 
ical Engineers, Assoc, Mem. Inst. Electrical 








ing, is 
echan: 





and w! at iver 
OF TRADE LABOOR 
pace at ty this Journal, and D 


[prexughteman, Good Mechan- 


ical, eye og with experience of steam 
turbine e design. No man on Government ge man need 
ied 2a 





cating qualifications, age, 


can 
nearest BOARD O OF T TRADE LABOUR DOUR EXCHANGE, 
mentioning this paper and No. A 1887. 


Devs ghtsmen (Two) Wanted 
for Hydraulic Engineeri Works near 
lasgow. No one already employed on Government 


pave wild be engaged.— Apply, stating age, ex 
8 required, to nearest LABOUR 
EXCHANGE, mentioning this Journal and E 357. 


equired, Dranghteman used 


to Ferro concrete 








and details. No apron teen wpe Me te 
em 
ment nn Ba ¥ ; = ith fal 
nearest TABOUR  E EXOHAN ANGE, ine pe ‘bis 
Journal and E 364. 
wo Junior Draughtsmen 
spertence and gy = compressor work. 
ces ex) a + No one 
employ eae gh 
tes | Apply, EXOCHANG in 
Api, nearest BO : . 
an , tor ngineer's ce 


in the City, on reserved occupation, So fen 
( pane See Ae 


cogegee = en Goverument work, or resident 
BOX 2212, Wruana’s, 125, Strand, Wage ~ yi 
Ly. Tracers.— Wanted, 7. 


TRAOERS for 
neering My Ny g oe mn London district ; ot args eng 
ee No ove already on Government 
pees dl, 





required, 30%, Otioes of Eneurxenines 


Stoker | Required : 

mechanical 

fon, G. Ay si per week = 48 hours. — 

Electricity Department, 85, Fulham rs 

foreman. — Working Tool 
Room FOREMAN WANTED for 

nearest 








on Government work Te 





a No one already 
Journal and 











ba Government work will be engaged. 7 mrt Geld com organiser. $96, cane ieee 

ne or Two First - class echanical and Electrical 
enper RA UGH TOMER REQUIRED, proterably with | ind d.o, experience, is OPEN to APPOINTMENT an 
— nery. ie perven already stat experonen om age postion of “tras. — Mie Eo ner a other 





cy oe Advertiser Wants Ap- 


POINTMENT with firm of engineers whose 
output per man is deficient and where the standard 
ot Ermey Ae mo improvement.— Address, E 369, 


salcy | echnical Engineer, B.A. Sc., 


Toron with ree power house and 
structural steel erection. oe peau drawing office, 
two years’ shop rection.” two hee 80. Single; go 
anywhere. Re-engagement war work.—A Address, 
E 371, Offices of Encrveraine. 


as, Steam, Hydraulic and 
Eh trical (D.O. mi 
proeeg Ponce ( ) ng (over a 








SE Coatsanied Works in the 

















PUBLICATIONS. 





By 4. G. M. HARDINGHAM 


Revised Edition, price Is. 64,; by post, 1s. 8d. 





Imperial 8vo, viii + 372 Pages, with upwards of 
500 Illustrations (for the most part fully dimensioned 
reproductions from working drawings). Price 25/- net 


THE DESIGN AND CONSTRUCTION 
or 


on. | STEAM TURBINES, 


A Manual for the Engineer. 
BY 
HAROLD MEDWAY MARTIN, Wh. Sc., A.C.G.1, 
, SPECIMEN PAGES ON APPLICATION. 





Lowpon: Offices of ‘‘ ENGINEERING,” 
365 and 36, Bedford Street, Strand, W.C. 


LONGMANS, GREEN & CO., 39, Paternoster Row, E.C. 
New York, Bompay and Oatcourta. 





AND ALL BOOKSELLERS. 


WANTED, &c. 


A dvertiser,now w Representing 

too] manufacturers, makers 

of wood-working and metal- a 

of industrial its and metal supplies ; ha 

10 years’ expen as traveller for important 

firms, and excellent ef pane a Ba works, 

automobile a mechanical 
firms, naval shi, &e. ; an 
and a warehouse ; ha servien agente 

in Paris and the provinces, Gealing with a very 

om turnover, 

ESIRES to ENTER into COMMUNICATION 
with British a or well-established gecata, 
or wholesale firms, to sell their goods in 
either from now or from the conclusion of hostilities 
It possible, he asks that the British firms in question 

entrust him with a stock of their goods, if required, 
against a security. 

Address, R. LAUNAY, 12, Bue de Lancry, Paris, 

10th Arrondissement. E14 


(ner of Engineering Fac- 
TORY and Grounds for Extension, close to 
railway station in et of industrial, commercial and 
textile districts, East France, close proximity to 
Alsace-Lorraine Belgium and 8witze itzerland, on rail 

to Italy, OFFERS to ESTABLISH the MANUF 

TURE of British specialities or to combine with 
British Manufacturers. — Address, E. PREVOT, 
Remiremont, Vosges, E 349 


1081 om. HEMRS AND BOLLING STOOK {TIONAL 
INEERS AND ROLLING STOCK WORKS. 
(Jommercial Engineer 
(M. Inst. O.E. and M.I. eae age 44, of con- 
siderable ex pos yell and “ having ex 


TROUS of ACTING 
as London AGENT or Oe EANAGER.—Addreen, E 21, 
Offices of ENGINERRING. 











munition and other works, with special ability in 
control of men and work done, DESIRES suit- 
able APPOINTM 385, Offices of Exomxerine. 


Inst. C. E, Ineligible by | 


OFFERS aunvions 
naa, wel ba, be. 














All-round pert 
eg 
PARTNERSHIPS, 

Every = Engineer 
Par Tbr ner 
cuteis 


— sak, PRIOR, 00, no.” 
angen — 
Partnership in, or for Sale, 


Flourishing ‘ATTERN MAKING angen 
equipped with electric motor, bandsaw, circular sa 


&e. 

Pie or plank tancen sack of tibor an ont 
standing accoun' Fullest 
Investigation. Address, 256, Offices of Exotwxaa ine, 

PATENT AGENTS. 


atents Or ee sae Baan 


E. P. Alexander & Son, 

















outh Africa. — Gentleman 


(ENGINEER), now in England, is PREPARED 
to NEGOTIATE with firms, view view securi SOLE 
AGENCY South Africa. Now or end of Wat, 
years South African experience mining 
aie and material. 


Address, E 884, Offices of ENGINEERING. 


French Firm, established in 





show youn WANTS to Bere 
SmNT * Aret-class British ‘ACTURERS of 
machine tools, 


AGENCE G SE one Mach RINE OUT, 
25, Bue des Vinaigriers, Paris, ; 
Begin Trchitect, established 
district, INVITES OFFERS of 
aE ATIONS after war. Willing to be useful 
a eny.VaN HECKE, 5, Lansdowne 


Bournemouth. 
A etonautical. ——Draughtsman 
steelwork OFFERS 


constructional 
part time ne SERVIONS evenings) f= in London for sere 
nautical work, : tracings, &.— 


Drect Current Generating 


PLANT WANTED, 2500 Kw, 


110 v. 2 220 v. or 4 or 450 v.. not more thas 


¢ mover, pot witch boards 
regulators, ot compioes vith 
must be 








full particulars of Sets 
sees vo piven, ageen to Reeeeh SS 8 2°°, Offices of 


Wares Lancashire Boiler, 
“iiglinton. “Wa. PO leo Horizont 





EB 347, Offices 





OO.TAd 
, 12 ton and 14 s 
WV a te 




















o 
oe 


23 





aps 


ge 


35 

















wn: 





























JUNE 2, 1916. ] 


ENGINEERING. 


517 





AN ELECTRO-CHEMICAL ACTION 
ON GLASS. 


By F. F. S. Bryson, M.A., B.Sc., Carnegie Research | 
Fellow in Physics, University of Glasgow. 
Durtne the course of some research work recently 
carried on in Professor Gray’s laboratory, in which | 
a Wehnelt electrolytic interrupter was used in) 
connection with an 18-in. induction coil to produce | 
a high-tension discharge, a disintegrating effect of | 
the interrupted current was observed on the glass | 
electrode holders of the interrupter at the point) 
where the wire was sealed through the glass. This | 
effect does not seem to have been described before. 
The interrupter consists of two electrodes 
immersed in sulphuric acid. The cathode is a large | 
lead plate ; the anode one or more platinum wires, 
only the points of which are exposed to the liquid. 
Usually the length of point so exposed can be 
adjusted by means of a porcelain sleeve which 
surrounds each wire. For efficient working, the 
current must lie between certain limits. If the 
current is too small, mere ordinary electrolysis 
occurs ; while if it is too great, the action is irregular, | 
the anode hisses, becomes white-hot, and disin- 
tegrates rapidly. A noticeable feature of the| 
interruption is the violet, or in some cases pinkish, 
glow which surrounds the platinum point when a 





it needed little attention, and the discharge could be 
allowed to run continuously for hours, and partly 
because a large secondary current was required. | 
When an adjustable sleeve is used over the anode, | 


|a perfect seal cannot be obtained between the wire | 


and the porcelain insulation. Thus there is always | 
a certain amount of current leakage—that is, current 
that passes uninterruptedly; anil this tends to| 
diminish the efficiency of the interrupter. In cur | 
case the electrode consisted of a small piece of 
platinum wire hermetically sealed through the end | 
of a glass tube. Contact was made with the wire 
conveying the current by means of mercury covering 


|the upper end of the platinum wire in the tube. 


Originally the wire was sealed into the tube by | 
means of soft “ flux ”’ glass, and it was noticed that, | 
after the discharge had been running for a short | 
time, the glass round the wire became pitted out, | 
a crater being formed with the wire projecting from 
its centre. A similar effect was observed with 
different kinds of glasses surrounding the metal wire. 
Thus, not only were clear, ruby, and white “ enamel” 
flux glasses tested, but also German soda, new 
British soda, lead, and Jena glasses. The wire was 
sealed directly into these latter glasses by the 
Burnside process.* This is a cooling process, by 
means of which electrical conductors may be 
hermetically sealed into glass and other vitreous 





the wire and the liquid. It is well known that glass 
may be readily electrolysed by quite moderate 
potentials if the temperature of the glass is raised. 
This electrolytic action consists of a transference of 
Na ions from the glass, SiO, being left behind. In 
certain cases the Na is replaced by the metal of the 
anode ; but platinum cannot diffuse in this way into 
the glass. In the Wehnelt interrupter point elec- 
trode the corrosion takes place not only when the 
point is the anode, but also when it is the cathode. 
The formation round the wire near the point, of -a 
layer of SiO,, which would gradually crumble away, 
might explain the pitting-out action when the 
platinum is positive to the liquid ; but this action 
would not take place when the current is in the 
reverse direction. Thus electrolysis does not 
account for all the facts. 

The effect of changes in the temperature of the 
anode during the interruption must be considered. 
After using fusible alloys for points, McClenahan* 
stated that in the interruption stage the temperature 
never rose above 168 deg. Cent., and hence not high 
enough to produce incandescence, and that the light 
surrounding the point during interruption must be 
of the nature of a discharge of electricity through 
gases. This temperature seems rather a low 
estimate, for the interrupting action is undoubtedly 
caused by the intense heating due to the high current 
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suitable current is 
accompanied also 
deafening noise. 
Absolute agreement as to the theory of the working 
of the interrupter has not yet been attained. The 
general statement that the effect is due to the 
rythmic sealing and unsealing of the anode by the 
liberated gas obviously does not take account of all 
the circumstances. The size of the points, the 
current, the amount of self-inductance and capacity 
in the circuit, the concentration and temperature 
of the electrolyte are all factors influencing the 
interruptions. The following explanation, as given 
by Ludewig,* is somewhat more comprehensive. 
Immediately after the interruption of the current 
the gas begins to form irregularly on elevated parts 
of the electrode, while the current is conducted 
across those parts not covered by gas. As the parts 
of the electrode across which the current is conducted 
become smaller, the current density becomes very 
large, and the liquid at those parts is vaporised. 
It is well known that high resistance is offered to 
the passage of electricity from a smooth metal 
surface to a fluid. The vaporisation, then, is caused 
probably by the heat developed in overcoming 
this transitional resistance between the wire and the 
liquid, as well as the resistance of the electrolyte 
very close to the point. As this yreatly increased 
resistance increases the amount of heat evolved for 
the instant, a portion of the vapour is dissociated 
into oxygen and hydrogen, and then the whole 


passing. The interruptions are 
by an explosive and almost 


Fia. 2. 





electrode is covered with an insulating sheath of an | 
explosive mixture which completely interrupts 
the current. With the stopping of the current a 
high self-induced pressure is produced, which breaks | 
down the dielectric gas layer by a spark, thus | 
exploding the gaseous mixture. The excess of | 
oxygen is driven off the electrode by the explosion, | 
mrt ings electrode again comes into contact with the 
iquid. 

This type of interrupter was used in the research 
work referred to, partly on account of the fact that 


* Ann. der Phys., vol. xxviii., page 175 (1909). | 
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substances without the aid of any intermediate flux. 

In all the glasses tested, this corrosive effect was 
observed, least of all, however, in the Jena glass. 
The resistive properties of Jena glass in other direc- 
tions are, of course, well known. Photomicrographs 
are reproduced showing the platinum point pro- 
jecting from the tip of the glass tube. The magni- 
fication in the various cases may be judged from the 
appearance of the wire, which was about 0.4 mm. in 
diameter. Fig. 1 shows the disruptive effect on 
German soda glass. Figs. 2 and 3 are two different 
photographs of the same piece of British soda glass, 
the former showing the edge of the crater with the | 
wire projecting, the latter showing the rough base. 
Fig. 4 is of a piece of the same kind of glass, in which 
the crater-wall has broken down at one side. Slight 
devitrification of this glass took place during the| 
sealing-in of the wire by means of the blow-pipe | 
flame. This devitrification seemed to render the| 
glass more liable to corrosion. A glance at the 
photographs will show that the pitting-out is not 
due to any action of a mechanical nature, as, for 
example, a water-hammer effect. Such an action 
would cause radial cracks and fractures; but these 
do not appear. Neither is the phenomenon due to 
the glass having been rendered brittle by the cooling 
during the sealing-in process, for flux glass which had 
been carefully annealed after the wire had been 
sealed into it readily showed the same effect. In 
no cases do the edges or the walls of the crater show 
a vitreous or conchoidal fracture, but roughnesses 
and irregularities appear. Fig. 5 shows a piece of 
Jena glass with two wires sealed into it. Fracture 
of the layer of glass between the wires might have 
occurred had the corrosion been the result simply of 
the Joule heating effect, or of the Peltier effect ; 
but it will be noticed that there is no such fracture. 
The glass between the wires is quite unbroken, the 
pitting-out occurring almost uniformly round each 
wire. 

It may be suggested that the action is stimulated 
by a species of electrolysis of the glass lying between 
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* Electrician, July 4, 1913; Nature, June 3, 1915. 
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density about the small point. The spectra 
obtained from the light surrounding the point have 
been examined by Morse,t who used various metals 
in various electrolytes. His results suggest that 
the environment of the point passes through a 
great range of temperature with each interruption 
of the current, and that the high temperature is the 
cause of the luminescence. This high temperature, 
being local in its effect, might render the glass round 
the wire brittle and allow it to be disintegrated, and 
thus a crater would be formed. But the wide 
mouth of the crater and the appearance of the edges 
suggest that other factors also influence the action, 
The heat generated at the point vaporises and then 
dissociates the water in its immediate vicinity 
into hydrogen and oxygen. Spectra like those of the 
oxyhydrogen flame can be obtained from the explo- 
sion of the mixed gases by the hot metal in the 
cooler parts of the gaseous envelope. The presence 
thus evidenced of free hydrogen and oxygen at a 
temperature above the point of dissociation of 
water affords the possibility of a strong reducing or 
oxidising action on the metal forming the electrode 
and also on the glass. That the metal is exposed 
to this chemical action is shown by the fact that, 
when the wire used as electrode is of aluminium, 
calcium, barium or other metal having a strong 
affinity for oxygen, the spectra given by the light 
show the bands which are usually ascribed to the 
oxides of these metals. The glass also will un- 
doubtedly be affected by the reducing action and 
become disintegrated, the metal constituents being 
precipitated or going into solution in the acid. 

The ultra-violet rays of the light itself will further 
assist the action either directly, or indirectly by 
acting on the atmosphere in contact with the glass. 
The active nature of ultra-violet radiation is well 
known. Thus, glass exposed in air to ultra-violet 
light becomes coloured. This coloration is 
probably due to ultra-microscopic particles of 
reduced metal in the salt. Metals also, when covered 


* Cf. Compton, Phys. Rev., vol. xxx., page 173 (1910), 
+ Astrophysical Journal, vol. xix., page 162. 
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with a thin layer of water, corrode rapidly when 
subjected to the action of ultra-violet rays, this 
effect being caused by the ozone produced by the 
action of the rays on the water. It is probable that 
a similar effect is produced on the glass, and that 
this, as well as the other two factors referred to, 
plays a part in disintegrating the glass near the 
exposed point of the electrode wire and so producing 
the cavity. 


that direction. Crystals of copper sulphate gave 
such a radiograph, the powdered crystals did not. 
But long exposures (of many hours often) were 
required, and the interpretation of the radiographs 
in all their striking regularity, as given by Laue, was 
very complex; he published a memoir on the 
“ Diffraction of Short Electromagnetic Waves by a 
Crystal” in the Berichte of the Bavarian Academy, 
Munich, June, 1912. 

In a mathematical discussion of this memoir 





RONTGEN RAYS AND CRYSTAL 
STRUCTURE. 

To the general public the Réntgen rays remain 
the X-rays—the name chosen by their discoverer— 
a scientific mystery, more fascinating than radium, p : 
which, after all, ae not do much more than shine Az, As of wave-length ) fall on o series of plane 
and decay, a thing a conservative mind does not | 


February, 1913), Mr. W. Lawrence Bragg, of Cam- 
bridge, proposed a simpler interpretation of the 
phenomena, which he illustrated by the diagram, 
Fig. 1. Let a beam of homogeneous light A, Ai, 








approve of. That in decaying radium generates | 4, 4 

helium, and that the disintegration proceeds | / [a 

through an extraordinary series of stages, ranging | Ee i ey 

in time-period from minutes to thousands of years, | ay lan a 

is hardly understood by people who are quite able | f AL fae - 

to appreciate the wonderful things that medical; 4/ , bow 

men have achieved with the aid of Réntgen tubes. | pe ~ —— 
But the rays have done much more. They have Pt grea 
helped to establish the actual existence of the atom pay my - 
and to reveal that the atom itself has a structure, | P iatcaa 





and they promise to disclose the structure of the | 

atoms in crystals—i.e., the way in which the atoms | parallel surfaces p (all at the same distance apart d), 
are grouped and arranged in solids. The student of | each of which reflects a small proportion of the 
elementary science soon grasps that solids are dread- | incident light and transmits the remainder; then 
fully complex by comparison with gases. The | reflection and interference will result as with thin 
chemist can analyse solids as well as fluids. He) films, except that there are a great many reflecting 
splits a compound into its constituent elements, | surfaces instead of the two of the soap film. 
finds out the relative numbers of atoms of each | The wave A B will partly be reflected, at its angle of 
constituent, counts, in conjunction with the} incidence 6, in the direction BC, and will partly 
physicist—for it is mainly physical chemistry, of | travel on into the crystal ; this latter portion is not 
course—the actual number of molecules or atoms, | indicated in the diagram. The waves reflected at 
and assigns definite structures to the constitutions) B's BY, B™, &c., will, under certain conditions, 
of certain substances. Those constitutions are not) pass out in the same direction B C, and in the same 
mere speculations ; for compounds have syntheti-| phase. To find the conditions, draw B N at right 


(Proceedings of the Cambridge Philosophical Society, | 


cally been built up from their elements on the basis 
of these researches. But there science seemed to | 
find its limit. Calcite, it has long been known, is | 
CaCOs;, like limestone; in the kiln the carbonate 
behaves as if it were made up of CaO and CQ ; | 
in solutions it seems to split into the ions Ca and 
CO;. How are the atoms of Ca, C, O actually 
grouped in the crystal? If they were differently 
grouped, their properties would probably be 
different. What are the forces and the laws? The 
X-rays promise to answer these questions. 

The X-rays first puzzled scientists by penetrating 
through opaque substances and by . refusing 
to be reflected, refracted, or polarised. But there 
was a strong suspicion almost from the first that they 
were, after all, only rays of light, though of a light 
of extremely small wave-length, too delicate to be 
examined by ordinary apparatus. That assumption 
has been fully confirmed. The wave-length of 
sodium light is 5895 x 10-!° m., or Angstrém units 
(A.U.), or 5895 x 10-8 em., and X-rays have wave- 
lengths of the order of 10-° cm., about one ten- 
thousandth of the length of ordinary light waves. 
In a diffraction grating the spacings between the 
lines should be of the order of the wave-length of the 
incident light ; that condition is fulfilled by ordinary 





angles to A, B' and produce A', B! until it cuts the 
plane B" in D, which will be the mirror image of the 
point B in plane B" ; since then B' B= B'D, AB = 
A'D, and N D = B'D (the distance by which the 
rays AB and A’ B', and hence also the broken rays 
ABC and A' B'C, will differ) will be 2d sin 6. If 
DN be equal to the wave-length \ or to a multiple 
of it, the waves reflected at B and B' and similarly 
at B", &c., will all be in the same phase and reinforce 
one another. If DN differ only slightly from A, the 
difference in phase will become greater and greater 
as the number of planes increases, and the resultant 
amplitude at C will practically be zero. Thus 
reflection (as different from ordinary reflection) will 
only take place when A = 2d sin 6. This will be a 
reflection of the first order, and to mark this we 
write A = 2d sin 6;. If 6, be changed to 62, there 
will be again reflection of the second order for 
2 == 2d sin 62, and reflection of the third order 
for 2 = 2dsin 6,,&c. At angles not satisfying this 
condition there will be no reflection. 

Now in a regular crystal the atoms are probably 
arranged in parallel planes p, thousands of planes, 
all at spacings d; the d may or may not be equal 
to the distance between two atoms next to one 
another in the same plane. The planes will not 


rays. In their main conclusions the two methods 
are in entire agreement. 

The Bragg relation, \ = 2d sin 6, may be utilised 
in two ways. When the d is known, the 6 are 
observed and the d determined ; once the d values 
are determined, the \ can be checked. As the wave- 
lengths \ of X-rays have been measured by inde- 
pendent methods, and the @ can be measured 
| within 1 minute of arc, the new research admits of 
considerable reliability. The apparatus used by 
Professor Bragg is a kind of spectrometer without 
lenses. A pencil of homogeneous X-rays from an 
anti-cathode of rhodium (or some other platinum 
metal) falls through two narrow slits on a crystal 
which is mounted on a platform; the reflected ray 
enters the slit of an ionisation chamber (about 5 cm. 
in diameter, 15 cm. long) charged with a heavy 
vapour (methyl bromide is now preferred, sulphur 
dioxide was first used); the resulting ionisation is 
measured by means of an electroscope and micro- 
scope. The crystal or the ionisation chamber, or 
both together, may be turned on the platform to 
determine the angles at which decided reflection and 
ionisation occur. There is always a slight diffuse 
reflection from the crystal surface ; but the ionisa- 
tion maxima are easily distinguished. As natural 
crystal faces are often rough or distorted, the crystals 
are sand-papered or etched with acid, or cleavage 
faces are taken; elaborate preparation is not 
required. The rays used are the characteristic rays 
of the anti-cathode; rhodium emits four such rays, 
or two pairs, the principal ray having a A of 0.614 
Angstrém unit ; the principal ray of palladium has 
a \ = 0.583, of silver 0.557 A.U., the wave-length 
decreasing by about 5 per cent. as we pass from 
one atomic number to a higher number (Moseley). 
The ionisation curve found is really the spectrum 
curve of these characteristic rays; with a rhodium 
target, therefore, the rhodium rays are repeated 
in the spectra of higher orders at decreasing inten- 
sity ; the amplitude of the curve marks the intensity. 
The method thus does not give any lasting records ; 
the reflected beam might be received on photo- 
graphic paper—M. de Broglie places a cylinder of 
sensitised paper round the crystal—but Professor 
Bragg rarely resorts to photography. 

In order to elucidate the relation of the spacings 
to the crystal form, Professor Bragg calls attention 
to wall-paper patterns. The position of any point 
in a pattern may be fixed with regard to two arbi- 
trary systems of parallel lines crossing one another 
and cutting the pattern up into a number of 
rectangles or parallelograms. But unless the chosen 
points of intersection are the same corresponding, 
representative points, repeating at regular intervals, 
the parallelogram will not be a “ unit’? comprising 
the ensemble of the pattern. Similarly the atoms 
of crystals are referred to “ space-lattices,” a kind 
of scaffolding of three-dimensional axes which, in 
the cubic system, cross all at right angles and at 
equal distances apart ; in the other crystallographic 
systems the distances and angles are not all 
equal. When planes are passed through all the X, 
all the Y, and all the Z axes, the structure is 
cut up into cells, cubes, or parallelopipeds. Even 
the most complicated crystal can be referred to 
such a fundamental space-lattice as indicated in 





gratings with about 20,000 lines to the inch. Torule | form continuous walls; that is not necessary for 
a grating with 10,000 times as many lines would be | reflection, since a cluster of trees or a cloud can 
out of the question; the distances between the lines | reflect so.nd waves as well nearly as a wall of rock. 
should be of the order of inter-atomic distances. | The atom-bearing p!anes are set in crystals at inter- 
The ingenious idea occurred to Professor M. von | vals of one or two Angstrém units. The charac- 


Laue then (in 1912) at Munich (he accepted a call to | 
Ziirich soon afterwards) to make use of the ordered 
array of the atoms in a crystal as an X-ray grating. | 
The experiments made by Laue in conjunction with 
W. Friedrich, P. Knipping, J) Herweg, E. Hupka | 
and others, were surprisingly successful ; crystals of 
zine-blende, copper sulphide, rock salt, diamond, 
zine, sulphur, &c., behaved like three-dimensional 
gratings. That was the origin of the new line of 


teristic X-rays used for this study are of the order 
of about half an Angstrém unit. This is a pregnant 
fact, to use the words of Professor W. H. Bragg ; | 
the wave-lengths might easily have been ten or a! 
hundred times the atom spacings, and then tho | 
investigation of crystal structure by means of X-rays | 
would have been impossible. The method suggested | 
by Mr. Bragg has been applied with brilliant success 


by Mr. Bragg himself and Ly his father, Professor | 








research. The experiments were made by letting 


W. Henry Bragy, up till recently at Leeds, now at | 
a beam of Réntgen rays pass through a crystal 


University College, London, and in this review we | 
on to a photographic plate ; the black central spot | follow mainly the communications made by | 
produced on the plate was found surrounded by | Professor Bragg, who quite recently lec ured upon 
small dark spots of greater or smaller intensity,|the subject again before the Institute of Metals 
arranged symmetrically to the centre and lying on ,and at the Royal Institution. The Bragg method, 
circles or ellipses passing through the centre, each ,it may broadly be said, works with reflected rays, 
spot representing a reinforcement of the waves in! whilst the Laue experiments were with transmitted 


Fig. 2. But a cell will not necessarily be a 
fundamental unit, unless it comprises at least the 


THE FUNDAMENTAL SPACE LATTICE 








full number of atoms making up the characteristic 
molecule (possibly group of molecules) of the 
substance. Each unit can be considered separately ; 
but to understand the growth of crystals and the 
special relations, it is better to consider the space- 
lattice as unlimited in all directions. In the crystal 
models the axes are represented by wires, and the 
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atoms by beads strung on them. Supposing the 
atoms to be spaced quite regularly, as in Fig. 3; 
each little dotted square (in the wall-paper), or each 
cube on that base (in the crystal), would represent 
a unit. In the alternating grouping of Fig. 4 each 
dotted square would again give acube(lor2); but 
only one of the two (2) would represent a unit (the 
c in Fig. 4 will be explained presently); and in 
Fig. 5, four of the little squares would be required to 


Fig .3. Fig. 4. Fig.s. 
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make up a unit. The relations become clearer 
when small balls (atoms) are piled upon one another, 
which can be done in various ways; but the wire 





models are the most instructive, and when they are 


When the spacings between the parallel planes are 
not all the same, similar intensity variations should 
be observed. In the case of the diamond there is 
reason to assume that each carbon atom forms the 
centre of a small, regular tetrahedron, with carbon 
atoms at the four corners, from which it is equally 
distant; the lattice is a face-centred cube all the 
same. When the model is built up, it is seen that 
the first layer of atoms lies in the base, the second 
layer at the distance 1 above the first, the third layer 
at the distance 3 above the second, the fourth at 
distance 1 above the third, and so on. It is as if 
a grating were ruled with lines spaced 1 and 3 
divisions apart alternately. Such a grating would 
not give any second-order spectrum, and the 
second-order spectrum of the diamond was indeed 
found absent. The structure of zinc-blende (Zn S) is 
exactly like that of the diamond ; but there layers of 
Zn and § alternate at the distances 1 and 3, and as 
the atomic weight of sulphur (32.07) is only ebout 
half that of zine (65.37), the second-order spectrum 
is weak, but not quite suppressed. The structure 


so held in the lantern beam (as Professor Bragg does) | also would explain why zinc-blende has a polarity, 
that corresponding axes and atoms coincide, the| Whilst the diamond has not; for, with the atoms 
arrangement of the atoms in the various planes can | #!Tanged in alternating planes of Zn and S, it would 
clearly be recognised. make a difference whether the light rays struck a 

When the pencil of X-rays falls on the plane | 2ine layer (coming from the left) or a sulphur layer 
ABCD (Fig. 2), the formula \ = 2 d sin 6 gives the | (coming from the right). Professor Ogg, of the Cape, 
d as distance between that plane and the next parallel | 4t present working at University College, has quite 
to it, EFGH. When the pencil falls on the plane | Tecently found that antimony and bismuth can be 
AE HD, the distance of this plane from B F GC is| Teferred to tetrahedra, like the diamond; but the 
determined. But planes may also be passed, ¢.g., central atom is not equally distant from the others 





through EBC H and corresponding points, cutting | in their cases. 
off the bevel of the edge A D ; again, the nose of the | 
crystal may be cut off, as Professor Bragg calls it, 
by a plane through D and EB; andsoon. The) 
values of d determined in this way may or may 
not be equal; but they will always be in definite | 
geometrical relations. The larger the angles of 
reflection observed the closer will be the spacing. 
Yet the deduction of the crystal structure from the d 
is not simple. In the case of a cubical lattice, for | 
instance, the atoms may be arranged to cubes in 
three ways. When experimenting with rock salt | 
(NaCl) and sylvine (KCl)—cubic crystals, very 


We will briefly notice some more complicated 
cases. Calcite crystallises in regular rhombohedra, 
which ought to be perfectly symmetrical about a 
certain plane. The X-ray examination shows that 
layers of Ca and of CO; alternate in certain parallel 
planes ; in other directions layers of Ca, CO, O, O 
succeed one another; the symmetry does not 
appear to be quite perfect, however; that is to say, 
the left and right half of a section only coincide 
when the one side has been slightly shifted (gliding 
symmetry). Dolomite, which is a double carbonate 
of calcium and magnesium, is found to be built up 


much alike in all properties—Mr. Bragg found that | of = ers . Ca, — Mg, ao Ca, &e., = — 
ath algae ype pe ee 
wn " ay erst ap ot pny ati nggors | structure of Phe: etite (Fe 0 = FeO Fe,0,) can 
were referred: (a) to a simple cube (one atom at | < ieteeted & _— ™ 4 F « BOs a 
each corner), or (b) to a centred cube (one atom at | a Atti oY PB — up one S eee ee 
ce ees cat eee of On ied Sate ee gee eee 
when the atoms were refe c) to a face-centre 
cube (one atom at alternating ya eittitn, os in | tetrahedrons (4 O atoms), in which the iron is 
the centre of a face, as in Fig. 4 (c), the analogy | bivalent, some as centres of octahedrons (6 atoms of 
between rock salt and sylvine failed. This was found | 9), in which the iron is tervalent ; the two sets have 
by considering cubic planes, planes bevelling off the |S°™me atoms in common and differ by 60 deg. in 
edges, and planes cutting off the noses, as mentioned, | pein ce 
and in this way it was established that KCl gives essor Bragg’s wire models, which can be 
a simple cube of type (a), and NaCl a face-centred | taken to pieces, also help us to understand a puzzling 
= of type (c), — on = is oe rg a 1 Agere sanigge seems to concern 
of the rare examples of type (6). e face-centred | ! merely about atoms, and not to recognise 
cube (c) is very common, and the crystals of copper, | molecules. The one Na molecule in rock salt might 
silver, gold, &c., belong to this class. | equally well belong to any one of the six Cl atoms 
So far all these measurements were merely |near it. But it is difficult to say in what condition 
relative, eement. Absolute determinations of the | the molecule really exists in the solid, and the X-ray 
d can made when the atomic weight and the | examination does not entirely lose sight of the 
density of the material are known, and in the case molecule. The whole crystal behaves like a big 
. a me the distance between two planes (cubic , multiple molecule. If, in taking the model to 
aces) was found to be 2.81 A.U. The consideration | pieces, a definite order is observed, the complex 
of the relative intensities of the spectrum lines of crystals of magnetite, as well as the simple rock-salt 
the various = constitutes another very impor- | = break up into their molecules. That shows 
tant step. The intensity of a spectrum line depends that there are various methods of breaking up a 
a the atomic weight of the atoms in the plane. crystal, and that the surface of a crystal is more or 
Then all the atoms in all the planes are the same, | less like an unsatisfied set of atoms, to which set 
a a — por nay rere to <a eee of ag = easily — — 
aw, e higher orders, just asin the case of a | selves—an exceedingly frui conception, whic 
regular grating. That was found to hold for! would account for the growth of crystals as well as 
crystals of elements, and nearly to hold for KCl, | for surface adsorption. 
because the atomic weights of K (39) and of Cl (35.5) | 
do not differ much. 
(Na = 23, Cl = 35.5). 


When crystals are heated, the spacings betwee 
But it did not hold for NaCl! the atoms should widen, and the X-ray lines should 
If the atoms of Na and of| be shifted and decrease in intensity; rock-salt 


Cl were arranged in alternating parallel layers, the 
intensities should indeed alternate, just as in the 
case of a grating ruled with alternating strong and 
weak lines. Mr. Bragg correctly interpreted these 
features, and it follows that his value for the d of 
NaCl (above given), i.e, 2.81 A.U., marks the 
distance between a sodium atom and the chloride 
atom next to it. 





crystals show this when heated in an electric 
furnace, while being examined. Similarly, the 
expansion of crystals in different directions could be 
determined with very small specimens ; the method 
does not require large specimens. The new method 
may also disclose why soft metals form hard alloys ; 
further, in which way the hard and soft state of 


metals of Beilby, the surface films and cement’ 





films between the crystals, differ from one another. 
E. A. Owen and G. G. Blake have studied hard and 
annealed copper by X-rays. The examination, of 
course, presupposes a regular arrangement such as 
crystals offer. Experiments with glass, which is not 
crystalline, have failed, we believe, as they were 
expected to do. On the other hand, O. Lehmann 
has applied Laue’s method to the study of liquid 
crystals; F. Terada has examined rock salt in the 
plastic state; P. Knipping has discovered a struc- 
ture in liquid and in solid paraffin and in wax, and 
8. Nishikawa and 8S. Ono (likewise experimenting 
after Laue) discern crystals in fibrous asbestos, 
arranged along the fibres, but not in glass threads. 

In their main conclusions, the two methods, of 
Laue and of Bragg, are in essential accord with one 
another, as we have already stated, and that should 
be so according to L. Ornstein and others. The objec- 
tions to the former method are the long exposure, the 
unavoidable (though, in a sense, useful) presence of 
X-rays of different frequency under these conditions, 
the difficulty or impossibility of making quantitative 
measurements, and the difficulty of interpreting the 
results; according to G. Friedel, moreover, Laue’s 
method does not bring out the full hemihedral 
symmetry. The quantitative ionisation measure- 
ments (though not so accurate as the angle measure- 
ments) and the rapid working with homogeneous 
rays are the advantages of Bragg’s method; the 
constancy of the radiation frequency can be checked 
by the comparison of the intensities of the different 
order spectra. Absorption, studied by C. G. Darwin, 
plays a part in both methods. It is satisfactory 
that Glocker agrees with W. L. Bragg and his co- 
workers as to NaCl and KCl; with A. Johnsen as to 
calcite; with E. Keller as to the diamond, and with 
P. P. Ewald and Friedrich as to zinc-blende, though 
not as to pyrites. On the other hand, F. M. Jaeger 
maintains that the theory is so far inadequate, on 
either lines, to deal with biaxial crystals; there is 
still one factor missing in the deductions. 

X-ray investigation of crystals is young, of course. 
But there is a dearth of workers, and the war has 
cruelly put an end to the life of some investigators 
and has interrupted the work of others. Mr. H. G. J. 
Moseley was killed in the Dardanelles, Mr. 8. E. 
Pierce in France; there may be other victims. 
M. de Broglie, who has tried both methods -and 
modified them, attended one of Professor Bragg’s 
recent lectures in the uniform of a French medical 
officer. Mr. W. L. Bragg has gone to the Front. It 
was pathetic to hear Professor Bragg mention this 
at the Institute of Metals, lest credit be given to 
himself that was due to his son. Professor Bragg 
has already lost one son in the war. 





ON REDUCTION GEARS. 
By Joun H. Macatprne. 
(Continued from page 492.) 

Interpretation of the Power Constant.—Let us 
return to the Table of Gear Data and notes. Among 
rigid gear results the power constant of the Vespasian 
is fairly high, but (Note I) this is a progressive 
trial-trip value of short duration, far above that 
for service speed. The power constants for the 
Tuscania and for the Ciudad de Buenos Aires and 
her sister-ship were also trial-trip results (Notes 
J and K). In no case, then, does the value of the 
power constant in daily use with rigid gears appear 
to approach the values 3.5 and 4 commonly attained 
with floating-frame gears at frequent intervals and 
over considerable periods. In the trials of the 
Neptune’s present gears we have promise of still 
higher results, which it may be found quite safe to 
use when experience has shown the best ratio of 
h/D and the best number and design of teeth. 
The anticipation of a largely increased value was 
what led to our introduction of the floating frame 
when we found how completely it took away the 
extreme delicacy of alignment of the rigid gear 
and still more when its effect on torsion—not 
so important as that on alignment, but still of great 
value—was noticed. My own anticipation was that 
it would be possible to raise the power constant to 
over two, and possibly to three, times its value for a 
rigid gear without exceeding the same maximum 
intensity of stresses. Experience has in no way 
altered this belief. It can hardly fail that during 
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its service a rigid gear with power constant 2 will, 
through wear or accidental changes of adjustment, 
experience much more intense, because localised, 
stresses than a floating-frame gear with a power 
constant 4. Examination of Fig. 6 (see page 479 
ante) shows that a very slight accident may in- 
tensely localise the stresses. 

This great rise of stress will become evident if we 
consider a particular case: in Fig. 3, page 456, when 
everything isin exact adjustment, if we neglect the 
torsional and other errors, the teeth of helix H, will 
bear uniformly from a to b. Suppose now, without 
changing the pinion speed or the power transmitted, 
that by very slight disturbance of the alignment 
the contact is reduced till the teeth bear from a 
only half way tob. The bearing will be hardest at a 
and taper off to zero at the middle of the helix ; 
but, as the total tooth pressure is unchanged, the 
intensity of bearing at a must obviously be about 
four times that for the pinion in exact adjustment. 
Similarly, if the bearing is reduced to one-third of 
the length, the maximum intensity is increased 
about six times, and so on. 

In this connection I may quote from Mr. G. 
White, B.Sc. (Lond.), in a chapter on “ Helical 
Gearing”: “To obtain the finest results one of 
the pair of wheels—the smaller one for conveni- 
ence—should be permitted a little automatic axial 
movement, and also a rocking movement about a 
fulcrum in the central plane of the wheel.”* Ex- 
perience has shown to other engineers the great 
importance and also the great difficulty of keeping 
the pinion in exact alignment. 

The range of application and the advantage of 
reduction gears rise rapidly with the power con- 
stant. In rolling-mills there have long been reduc- 
tion gears, the teeth having a pitch of 9 in. or 
12 in., or perhaps more, transmitting large powers. 
But their power constants are small and it would 
be utterly impossible to apply them to turbine 
drives or instal them on board ship. Not only 
would the pitch-line speed be enormous—possibly 
exceeding the allowable value, of which we are yet 
ignorant—but neither could the space be allowed 
on shipboard nor the great weight. 

In two similar gears the total weight is propor- 
tional to the cube of the linear dimensions—that is, 
to D®; or 

Weight = K DS. 
From equation (1) we have 
ros ’ . 1000 K P 
Weight = W = K D3 = “A. (10) 

Hence, in applying a reduction gear to a turbine 
of given power and speed (P and R constant) the 
weight of the reduction gear is inversely propor- 
tional to the power constant. 

If the gears are of different type, we must allow 
for those parts which are peculiar to each. Thus 
in comparing a rigid gear with a floating-frame 
gear the extra weight of the floating frame and 
increase of bed-plate required must be added In 
the experimental gear these weights formed about 
17.5 per cent. of the whole, but this was only a 
5 to 1 reduction. The percentage quickly decreases 
as the ratio of reduction increases, Thus on a 
15 to 1 reduction it is only about 6 per cent. 

In taking advantage of the increased power 
constant we may either keep the speeds of pinion 
and gear the same, decreasing the weight and to 
some extent the space required for the reduction 
gear; or, leaving the large gear of the same 
diameter, we may reduce the pinion and increase 
the speed of the turbine, with saving in its weight 
and usually increasing its economy; or we may 
follow some middle course. 

Equation (10) states also that if we compare two 
similar reduction gears which have the same speed 
of pinion R and power constant, the weight per 
horse-power, W/P, is the same for each. Fre- 
quently, however, the larger reduction gear would 
run more slowly, and if the pitch-line speed is 
constant the weight per horse-power will be pro- 
portional to the linear dimensions.¢ ‘This corre- 

* “ Toothed Gearing,” page 90, by Geo. T. White, B.Sc. 
{Lond.). London: Scott, Greenwood and Son. 1912. 

} Re-writing equation (10), 


W ., 100K x D= const, x D, 


Pp CDR 


sponds to the well-known proposition that in 
similar engines (steam or gas, &c.) working at the 
same pressure and running at the same piston 
speed, the weight per horse-power is proportional 
to the linear dimensions, and the intensity of stress 
at each corresponding point is the same for similar 
configurations. This proposition regarding reduc- 
tion gears, as well as that for engines, is true 
whether inertia stresses are included or not. 


Tue TEETH. 


(a) The Helical Angle.—Although it is well- 
known that the intensity of pressure on helical 
teeth does not change sensibly with the angle 6 of 
the helix, I will, for clearness, give the proof. In 
Fig. 8, a 6 is a portion of the pinion axis, and d e, 
di el, are projections of portions of the lines of 
contact of two consecutive teeth at the instant for 
which the figure is drawn Examination of Fig. 5 
shows that this very closely follows the projections | 
of the pitch-lines ; for, as the tooth passes from y | 
contact to a contact the intersection of the tooth 
front with A B and its intersection with the pitch- 
line are always nearly at the same distance from 
C C,. We may then, without sensible error and 
with great simplification, treat d e and di e! as 
projections of portions of the pitch-lines and put 


7 


a Fig.7. 








angledea= 6. Also, for simplicity of statement, 
suppose the pinion very large, so that we may 
represent d e as a straight line and c e, its projec- 
tion on a b, as 1 in. long. B E is the whole force 
on d e tangent to the pitch surface and, neglecting 
friction, d B E is a right angle. B F is the com- 
ponent of B E normal, and F E that parallel, to the 
axis. As the movement of the tooth is normal to 
the axis a b, B F alone transmits power. Hence for 
the same power and speed B F must be constant 
whatever the value of 6. Therefore, if we had 
spur-teeth (@ = 0), B F would be the intensity per 
inch on one tooth when passing the pitch-line. 


t 
BF=q 
Then 
BE = q sec. 6. 
Also, 


de=cesec. @ = sec, 0, sincece = 1, 


Therefore the intensity of normal pressure on 
the tooth — B 
de 
Hence, in determining the intensity of pressure 
on the teeth, we take no account of the helical 
angle 6. 
Again, e! f being the circumferential pitch and 
el g the normal pitch, 
elg = el f cos @ 


4 


—== q, for all values of 0. 


(11) 


usually a little less than half the normal pitch. To 
maintain a constant proportion of thickness to pitch 
the proportions of the hob would, of course, have 
to change with 6. (In the experimental gear, 
Fig. 5, the thickness of pinion tooth was rather 
greater than half the pitch, to allow for greater 
wear of the pinion teeth than of the gear teeth ; 
but this allowance is hardly necessary, as wear is 
found to be so minute.) If p is the circumferential 
pitch and ¢ the thickness of the tooth, equation 
(11) gives :— 


t=apcosé. (12) 


As above, if ¢ is the thickness at the pitch-line, 
a = about 0.5; if it is the thickness at the root, a 
is greater. 

Consider pinions of a given diameter and number 
of teeth (having therefore the same circumferential 
pitch) but different values of @; also suppose the 
normal section, such as shown in Fig. 5, to be the 
same for all, so that the addenda and dedenda are 
unchanged, and the leverages for cross-bending 





if D R is constant, 





The thickness of the tooth at the pitch-line is | 


changed. The intensity of cross-breaking stress 
at each point, say at the roots, will be proportional 
to t-2 and the elastic yields to +3; that is, from 
equation (12) :— 

Strength of tooth = a; cos? 9 
Elastic yield = G2 secs § 
where a; and az are constants. 
Equation (14) gives the elastic yield normal to 
the teeth. Changing the meaning of Fig. 7 for 
the moment, suppose d e f gives the unstrained 
position of a portion of a tooth and d1 e! the strained 
position of the same tooth, equation (14) represents 
the yield g e. But measured circumferentially the 
elastic yield is g h. 


(13) 
(14) 


.’. Elastic yield measured circumferentially 
= az sect@ . . (15) 

where a; is a constant. This is the yield which 
should be considered, as the rotational movement 
of the tooth is parallel to g h. 

When considering the value of @ which should be 
adopted in the experimental gear it seemed certain 
that 6 = 10 deg. would give ample forces E F to 
determine the longitudinal position of the pinion, 
but it would give rather a small number of teeth 
in action at one time, thus tending to make the 


gear noisy. By adopting 6 = 30 deg. the number 
of teeth in action on each helix, since h = 20 and 
circumferential pitch = 1} in., is :— 
20 tan 30 deg. _ 9.24. 
1.25 


Compared with a spur-gear for which cos 6 = 1, 
the strength, equation (13), is reduced in the 
proportion cos? 30 deg. = 0.75, and the elas- 
ticity, equation (15), increased in the proportion 
sect 30 deg. = 1.78. There seemed to be sufficient 
teeth in mesh to assure reasonable quietness ; 
strength was not too greatly sacrificed, and at the 
highest power we hoped to reach there was a large 
factor of safety, even if the pressure was not very 
uniformly distributed; the desired elasticity was 
very sensibly increased. § = 30 deg. has always 
been retained. The gears are very quiet, which 
bears evidence to the floating frame performing its 
functions admirably; in fact, the Westinghouse 
Machine Company satisfactorily executed one order 
in which it was specified that the gear should be 
silent. 

In the rigid gears of the Vespasian 6 = 20 deg., 
but in subsequent rigid gears @ seems to have 
usually been increased to about 45 deg. I under- 
stand that this change was made to produce a 
quieter running gear. Comparing the strengths of 
tooth for 6 = 30 deg. and 45 deg. we have :— 

cos2 30 deg. 
cos? 45 deg. 

Thus, considering the strength of the teeth only, 
without regarding more even distribution of pres- 
sure, a rise of 50 per cent. in the power factor is 
accounted for. 

The elasticity is increased for @ = 45 deg. over 
that for 30 deg. in the ratio :— 

sec.4 45 deg. _ 2.95 

sec.4 30 deg: ? 
but that is very far indeed from compensating for 
the enormous ratio of the ordinates of curves A C, 
AB, Fig. 6, for a given gauge error. 

If, as is likely, the increase to 9 = 45 deg. is 
accompanied by a decrease of the addenda and 
dedenda, the leverages for cross-breaking are 
diminished ; but the arc of contact is also restricted, 
increasing the intensity of pressure of the teeth in 
contact, and the elastic yield is much restricted, 
leaving little, if any, advantage from the increase 
of @. 

(b) Number of Teeth.—From Proposition C it at 
once follows that the best design of pinion will 
have teeth of certain fixed proportions and a definite 
number, but experience so far seems to have shed 
little light on what is the best number to adopt. 
It seems not improbable that there is a considerable 
range within which the change of advantage is not 
great. Let us suppose a series of pinions of the 
same pitch diameter and length of helix, but in- 
creasing number of teeth. Let the helical angle @ 
and the angle of obliquity @ be the same for all 
and also the ratios of thickness, addendum, and 
dedendum to pitch. If the arc of contact remained 


= 1.50. 





forces, of constant intensity g, are practically un- 


constant, the total length of contact would be pro- 
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portional to the number of teeth. As the total 
pressure is the same, the pressure per inch would 
be inversely as the number of teeth—that is, it 
would be directly proportional to the pitch. This, 
I have shown, is what Proposition B demands. 
But the are of contact will increase with the pitch, 
and while it is not doubled (as we may readily see 
by sketching on Fig. 5) by doubling the pitch, it does 
not fall far short of this. Hence, as we pass to 
pinions of fewer to those with more teeth, the 
intensity of internal, or fibre, stress rises almost in 
proportion to the number of teeth. Also, by 
Proposition B, the yield per unit fibre stress in 
the small teeth is proportional to the pitch. So far 
the advantage lies entirely with the greater pitch. 

But as we continue to increase the pitch we 
soon get to proportions which would produce inter- 
ference, and to avoid this we must either increase 
the angle of obliquity @ or decrease the addendum 
of the large gear. Both courses restriet the arc of 
contact and thus cause an increase of intensity of 
tooth pressure. It is important also to notice 
that the larger pitch and addendum requires that 
the pinion be more deeply cut into within the 
pitch surface. This will weaken the pinion against 


resisting torsion, as it is well known that such pro- | 


jections as teeth contribute little to torsional 
rigidity. This will in turn restrict the helix length 
h which could advantageously be used and thereby 
further increase the stress on the teeth. (The 
flexural rigidity is little affected, as the teeth 
strongly contribute to this, and the extra metal 
cut away under the pitch surface as the pitch in- 
creases is compensated by the increased addendum.) 
Thus we see that there is an upper and lower limit 
of the number of teeth. 

The circumferential pitch of the experimental 
gear is 1} in., the pinion has 35 teeth and the large 
gear 176 teeth, giving, as we should always do, a 
hunting tooth. The angle of obliquity as designed 
is 14 deg. 30 min.* 
gear was made so as to sufficiently avoid interfer- 
ence. The addenda of the gear and pinion give an 
are of contact of 2} in., a little over twice the 


pitch, divided equally by the line of centres C Cy, | 
thus reducing the mean speed of sliding of the) 
teeth toa minimum. This was intended to reduce | 





_* As already stated, I found that the hob had been 
given an angle of obliquity of 14 deg. 30 min., and thus 
the angle of obliquity in the normal section, Fig. 5, was 
increased to @ = 16 deg. 38 min. By a simple proposi- 
tion in solid geometry, if @’ is the angle of obliquity of the 
hob and @ the helical angle, 


tan @ = tan ¢’ sec @. 





The addendum of the large | 





friction and wear, but I question now if it is of 
much importance. 

The pinions having the smallest number of 
teeth, in the Table of Gear Data, are that for the 
Vespasian, 20 teeth, and that for the cruising gears 
for the U.S.S. Arizona, 21 teeth. The practice 
followed in all cases by the Westinghouse Machine 
Company is to use a hob with an obliquity of 
14 deg. 30 min. and reduce slightly the addendum 
of the large gear to avoid interference. This gives 
¢o = 16 deg. 38 min., as in the preceding footnote, 
and divides somewhat unequally the are of contact, 
the are traversed when the teeth are approaching 
CC,, Fig. 5, being shorter than that when they are 
leaving it Reducing this addendum has the 
advantage of allowing the diameter of the pinion 
at the root of the teeth to be kept up, thereby 
‘retaining as much torsional rigidity as possible. 

I question if experience will lead to improve- 
ment of this practice and I will accept this value 
of @ and the reduced large-gear addendum as 
settled in what follows. 

My own conclusion after the trials of the experi- 
mental gear was that the number of teeth should 
not be reduced below 30, but that was to avoid 
interference without cutting down the addendum 
of the large gear. Even now I would be unwilling 
| to reduce below 25 teeth. 
| (c) Pressure on Teeth.—Near the beginning of 

this paper I stated: “I hope to show that con- 
sideration based on elementary principles leads to 
a simplification of the problem; and the reduction 
of the number of variables will make it easier to 
deduce from experience correct values of the con- 
| stants involved.” I think the truth of this state- 
ment will now be admitted. By observing the 
power constant safely borne by gears in service we 
will gradually reach approximately the best value 
of the two independent variables, the helix ratio, 
h/D, and the number of teeth. No absolute best 
values for these two quantities will be found, for 
when at the top of a fairly rounded hill a short 
movement to east or west, or again to north or 
south, which movements are two independent 
variables, make little difference in our height. 
Similarly, if we knew the best values of h/D and 
the number of teeth, a small change in either or 
| both would make little difference in the safe value 
of the power constant. (I think it would be a little 
| safer to be rather under than over the best value in 
both cases.) Close approximations to the best 
values should therefore not be difficult to reach. 
Then everything is settled and the question of the 
pressure on the teeth is determined for all pitches ; 








indeed tooth pressure then becomes a question of 
quite secondary interest. From equation (1) 
PaCS 
1000 
Also 
p .*DRp(2h) 


12 x 33,000° ‘ 

Let us take h/D = 2, approximately its value in 
most of the floating-frame gears in the Table of Gear 
Data, though I believe its best value may be slightly 
under this. The equations give :— 

p = 31.51 CD. 

We need only calculate for one value of C and 
1 in. pitch, as p is simply proportional to each. 
It will be instructive to use both 25 and 30 teeth. 


Pitch. C. No. of Teeth. D. p- 
in, in, Ib. 
1 4 25 25 7.958 1008 
Tr 
1 4 30 ” =9.549 1204 


In both cases the value of p is considerably over 
twice that assigned by Messrs. McLaren and Welsh 
for the corresponding value of D. 

The intensity of pressure on one tooth will vary 
with its position in the are of contact, and if the 
arc of contact is two pitches, the above values of d 
are twice the mean value of this pressure. 


(To be continued.) 





ELECTRIFICATION OF SHILDON-NEWPORT 
BRANCH, NORTH-EASTERN RAILWAY. 


(Concluded from page 500.) 


As can be seen from Fig. 26 of Plate XLV., published 
last week, louvred openings are fitted at each end of the 
locomotive, providing natural ventilation for the resis- 
tances through rain-proof air-vents on the top of the 
sloping ends. 

he main automatic circuit-breaker is fitted on the 
roof of the cab and controls the current to the 
traction motors. This circuit-breaker is fitted with 
horned spark-gaps which project through the roof 
of the cab, as was shown in Fig. 24, Plate XLV. The 
circuit-breaker is operated either by means of the set- 
and-trip switch on the master controllers as mentioned, 
or by means of a mechanical hand trip fitted on the 
circuit-breaker case. The circuit-breaker, however, can 
only be closed by the set-and-trip switch on the master 
controller. Red and green lamps are provided to indi- 
cate whether the circuit-breaker is set or tripped. An 
illuminated dial ammeter is provided at each end of the 
cab in front of the driver. As mentioned above, two 
independent dynamotors are fitted in the cab of each 
locomotive. The armatures of these machines are 
double wound and fitted with two commutators, the 
commutators being connected in series across the full- 
line voltage. The control circuit is tapped off between 
the centre point and earth, so that current is obtained 
for these circuits at approximately half-line vol . 
The actual voltage when supplying the control circuits 
and about 1 kw. for lighting is about 710 volts. The 
speed is 1500 revolutions per minute. The shaft of each 
dynamotor is extended and fitted with a fan, each fan 
supplying ventilating air to the pair of main motors 
on one hegie. The rated continuous output with a 
50 deg. Cent. temperature rise is 4.5 kw. Each dyna- 
motor is controlled by an ironclad circuit-breaker and 
a@ no-arc fuse. A starting resistance is in circuit with 
each machine, this resistance being automatically short. 
circuited by a relay a few seconds after the cireuit-breaker 
is closed. 

A motor-driven air-compressor is fitted in the cab of 
each locomotive for supplying air for the Westinghouse 
brake equipment, air sanding, raising the bow collectors 
and for air-whistles. The machine is capable of dealing 
with 50 cub. ft. of free air per minute and of raising this 
to 100 lb. pressure per sq. in. 

The machine is run at full line voltage and is coupled 
direct in the circuit of the collector bows on the line 
side of the main circuit-breaker, so that immediately 
on the bows being raised by the hand pump, as described 
later, the compressor starts up, pumping the air in the 
reservoir up to full working pressure. It is controlled 
by an automatic circuit-breaker similar to those con- 
trolling the dynamotor cirouits, a starting resiatance 
being provided and short-circuited by an automatic 
relay in the same manner ; but in this case the relay is 
fitted with a time-limit arrangement to extend the 
starting time. 

An automatic governor is provided for the compressor 
and is so arranged that the motor circuit is o when 
the air pressure rises to 100 lb. per sq. in., and closes 
again when the pressure falls to 80 lb. per sq. in. 

Two bow collectors are provided on each locomotive. 
These can be seen in position on the roof of the cab in 
Fig. 21, Plate XLIV. ante. Each collector consists of a 
hinged pantograph built up of steel tubing, the whole 
being supported off the cab structure by strong corrugated 
insulators. Fig. 13, page 498 ante, shows a general view 
of the top of the cab, oom bye bow collectors in posi- 
tion, one being collapsed, the other raised to the full 
extent. Each collector has two bows, each fitted with 
an aluminium rubbing strip, making contact with the 





522 


ENGINEERING. 





[JUNE 2, 1916. 








overhead contact wire. There are thus four rubbing 
strips per locomotive, which, with the double-contact 
wire, makes eight pomts of contact. Each of the two 
collector bows on a pantograph is attached to it by two 
separate leaf springs, so that they provide for any small 
irregularities in the level of the contact wire indepen- 
dently of the vertical movement of the pantograph 
itself. A hand pump is provided, by means of which 
the bows are raised at the commencement of the day’s 
working, if no pressure is available in the reservoir. 
By means of the control cocks in the cab, either one 
or both of the bows can be raised or lowered. Each 
pantograph is raised and maintained in contact with 
the overhead wire by means of an air cylinder, so that 
in the event of a failure of the air pressure, the bows 
are automatically lowered. The air cylinders raise the 
pantographs through springs, which can be seen in Fig. 13, 
and which maintain an even pressure against the contact 
wire notwithstanding variations in its height. 


Tests or Exrecrric Locomorive. 


Tests have been carried out recently with one of the 
electric locomotives. Several journeys were made 
between Shildon and Newport, a train of 1400 tons of 
laden wagons being taken down from Shildon to Newport, 
and a train of 800 tons, consisting of 92 empty wagons, 
hauled from Newport up to Shildon, with stops on certain 
of the heaviest grades. The 800-ton train was stopped 
and started on a grade of 1 in 103. The maximum 
draw bar pull during the tests reached 16 tons, the 
average speed on the run up from Newport to Shildon 
being 18.3 miles per hour, the maximum s being 
26 miles per hour. Up a grade of 1 in 230, which is 
4} miles long, the 800 tons load of empty wagons was 
hauled at an average speed of 23 miles per hour. The 
locomotive also proved capable of hauling the 1400-ton 
train on the level at 26 miles per hour. The general 
operation of the locomotive proved satisfactory in all 
respects throughout the test. The results of these have 
been plotted as curves in Fig, 32, page 521. 

An existing engine shed at Shildon was adapted for 
the use of these locomotives, a sufficient portion being 
electrically equipped for the purpose. n automatic 
circuit-breaker is provided controlling the whole of the 
shed equipment, and each engine stall is controlled by 
an independent isolating and earthing switch, so that 
work can be safely carried out on the roof of any loco- 
motive without interfering with the operation of loco- 
motives in adjacent stalls. 

Sub-Stations.—As will be seen from Fig. 1, page 496 
ante, there are two rotary converter sub-stations con- 
verting the 3-phase high-tension current as received from 
the power companies’ systems to direct current at 1500 
volts for the overhead track. 

Both the sub-stations are similar in outside appearance. 
The sub-station at Aycliffe contains two 800-kw. rotary 
sets, each set consisting of two 400-kw. rotary converters 
in series. 

Fig. 33, annexed, shows a general view of the interior of 
thesub-station in which a portion of the high-tension A.C. 
switchboard can be seen, and Fig. 34 gives a view of the 
D.C. switchboard. 

It will be noticed in Fig. 33 that, this being a high- 
tension sub-station, the machines are enclosed by expanded 
metal screens. The rotary converters were built by 
the British Thomson-Houston Company, Limited, the 
transformers being of the British Westinghouse Com- 
pany’s make. The rotaries are of the self-synchronising 
type, and are started by oil-immersed drum-type starting 
switches. The Erimus sub-station is namely similar, 
and two rotary sets are also fitted, but in this case one 
is of 1200 kw. capacity. Two auxiliary transformers 
are installed in each sub-station, connected directly across 
the high-tension terminals of the main transformers. 

A feature of interest in connection with these is the 

fact that they were fitted with a double secondary 
winding, one section being used exclusively for metering 
and the other for supplying lighting and auxiliary power 
in the station for portable air-compressors, &c. 
The sub-stations are supplied with three-phase current 
from the interconnected main system of the North- 
East Coast Power Companies through the Cleveland and 
Durham Electric Power Company. Aycliffe is supplied 
at a pressure of 20,000 volts between phases through two 
overhead lines. The 20,000-volt switch gear is of the 
Reyrolle ironclad wall operated type. 

The Erimus sub-station is supplied at a pressure of 
11,000 volts between phases through underground cables 
connected to the power company’s system in the Middles- 
brough district, the alternating-current switch-gear being 
of the same type as that of Aycliffe. The direct-current 
switch-gear at both sub-stations is of the brick-cell type. 
Fig. 35, page 523, shows a diagram of connections of 
Aycliffe sub-station. 

Each sub-station is connected to the overhead track 
wires by four positive feeders, consisting of paper-insu- 
lated bitumen-sheathed single-wire armoured cables, each 
of 0.5 sq. in. section, laid in wood troughing run in with 
bitumen. 

There are two negative cables at each sub-station 
connecting the track rails to the negative busbar, these 
cables being similar in size and type to those used on 
the positive side, A hand-operated travelling crane is 
fitted in each sub-station. 

The following is a list of the firms responsible for 
carrying out the work :— 

Locomotives.—North - Eastern 
Darlington. 

Overhead Track Equipment and Electrical Equipment 
for Locomotives. — Siemens Brothers Dynamo Works, 
Limited, Stafford. 

Architect for the Sub-Station Buildings.—Mr. Arthur 
Pollard, architect to the North-Eastern Railway Com- 
pany, York. 
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Steelwork and Brickwork for the Sub-Station Buildings.— 
R. Blackett and Son, Building Contractors, Darlington. 

Sub-Station Plant.—The British Thomson-Houston 
Company, Limited, Rugby. Sub-contractors for the 
High-tension Switch-gear, Messrs. A. Reyrolle and 
Co., Limited, Hebburn-on-Tyne Sub-contractors for 
the Static Transformers for the Rotary Converters, 
the British Westinghouse Electric and Manufacturing 
Company, Limited, Manchester. 


Cranes in Sub-Stations —Herbert Morris, Limited, 
Loughbrough. 

20,000 and 11,000-Volt Overhead Transmission Lines | 
and Cables supplying the Sub-Stations.—The British 


Insulated and Helsby Cables, Limited, Prescot. 


We are indebted to the British Thomson-Houston 
Company, Limited, Rugby, for the following additional 
notes on the sub-station plant :— 

The track is fed by two sub-stations, one at Erimus 
and the other at Aycliffe. 
cross-sections of these sub-stations are represented in 
Figs. 36 and 37, Plate XLVL., whilst a — i is 
shown by Fig. 38, and a plan of the basement, 
how the mains enter and leave the station, is given in 





Longitudinal and transverse 


owing | 


Fig. 39. The supply is three-phase, the high-tension 
voltage being 20,000 at Aycliffe and 11,000 at 
Erimus. This had to be converted into direct cur- 
rent at 1500 volts, and several methods of conversion 


presented themselves. It was decided to instal rotary 
converters on account of their high efficiency and large 
overload capacity. It was then necessary to decide 
whether the 1500 volts should be generated in the 
armature of a single rotary or by connecting two rotary 
converters together in series to form one unit. The 
scheme of connecting two rotary converters in series 
to generate 1500 volts was that eventually adopted, as it 
enabled the machines to be designed with a reasonable 
commutator speed and a very conservative value of 
voltage between commutator bars. Three 800-kw. 
units were installed, two at Aycliffe and one at Erimus, 
each consisting of two 400-kw. 800 revolutions per 
minute, 750-volt, 40-cycle, six-phase commutating-pole 
rotaries, connected in series to generate 1500 volts. A 

neral view of one of these converters is reproduced in 

ig. 45, page 524. The machines were designed and 
tested to operate normally at 95 per cent. leading power 
factor, and to withstand an overload of 50 per cent. for 
two hours, 100 per cent. for 10 minutes, and 200 per 
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TABLE I. 
REFERENCES FOR Fic. 35. 
880 Kv.-A. Transformers ; Table of Voltages. 


= 550) 336 | TRS 
Aycliffe. Erimus. —- Volts | Volts | Volts 
Across. | Across. | Across 
volts volts 
20,000 11,500 | Across 1-6-ll with 16-19 16-18 16-17 
P | 5-10-15 neutral give 
19,450 11,250 | Across 2-7-12 with 24-27 | 24-26 | 24-25 
| 5-10-15 neutral give | 
18,900 11,000 | Across 3-8-13 with | 32-35 | 32-44 32-33 
5-10-15 neutral give 
18,500 10,750 | Across 2-7-12 with 20-23 20-22 20-21 
4-14 neutral give 
18,000 | 10,500 | Across 3-8-13 with 28-31 230 0 
| 4-9-l+ neutral give 
« - 36-39 36-38 37 


| 
| 
| 





“20 Kv.-A. Transformers ; Table of Voltages. 


Aycliffe— 


20,000 volts across 1-4-7 with 2-3, 


5-6 


, 8-9 joined give 


Krimus- 


11,000 volts across 1-4-7 with 1-2, f 
4-5, 7-8, 3-6, 9-10 joined give 


Volts. 


120.5 across 11-14-17 


{ 110 - 


12-15-18 


8.7 » 1-16-19 


Volts. 


120.5 across 11-14-17 
110 ms 
C7 . 


12-15-18 
13-16-19 


With either of the above connections, M,, Mg, My, 
110 volts are obtained across meter windings. 


APPARATUS. 
A. Ammeter. S.H. Switch-handle. 
Ve Volt-meter. L.S.H. Isolating switch- 
F. Fuses. handle. 
8.P.8. Single-pole switch. T.L.F. Time-limit fuses. 
1.8. Isolating switches. V.M.P Meta d ns 
R. Resistances. M.T. Main transformer. 
O.8 & 1. Oil-switch &isolators Aux.T. Auxiliary trans- 
S.C. Starting-controller. formers. 
W.M. Watt-meters. L. Lamp. 
KE. Earth. L.A.S. Leakage ammeter 
Rh. Rhevstat. shunt (Aycliffe only) 
V.M.P.S. Volt - meter plug- Me.S. Machine - er 
socket. shunt. 
B.V. Bus-bar volts. Sh.T. Shunt trip-coil. 
M.V. Machine volts. Rs. Resetting device for 
F.R.S. Field-splitting & re- machine, C.B. 
versing-switch. 100a B.A Battery for alarm- 
AS. Ammeter-shunt. bell. 
M.S. Meter-shunt, 1200a. T.B Tripping-battery (to 
D.R. Differential relay. give duplicate 
R.C.S. Reverse-current coil. supply). 
Mg.B. Magnetic blow-out. B.Ch.S. Battery change-over 
O.T.C, Over-load trip-coil. switch. 
R.V. Recording  volt- T.C.  Trip-cofl (30 volts). 
meter. 0.20 volt. T.C.S. Trip-coil switch. 
L.A. Leakageammeter (at A.B.S. Alarm-bell switch, 
Aycliffe only 0-5 : F.T.L. Fuse time-limit. 
0-50 a.). A.P. Ammeter plug. 
C.B. _Circuit-breaker. Ma- O.R. Overload relay. 
chine 1200 a, 8.C.R. Split conductor relay 
T.C.8. Trip-coil switch. (Aycliffe only). 
S.E. Starting & equaliser §S.P.C.T. Split-cond. current- 
outbek. 500 a. protection transfr. 
S.S. Starting and series (Aycliffe only). 
switch. 500 a. 8.C.T. Secondaries of pro- 
C.Bx. Cable-box. tection transf'mer. 
W.T.T. Watt-meter testing 0.C.T. Overload current 
terminals. transformer. 
R.C. Reactance coil W.C.T. Watt-meter current 
(shown bya x, 4 Vv. transformer, 
Tappings only). 
Nore.—Of the two E.H.T. feeders at Aycliffe and Erimus only 


the connections for one are shown, both being alike. 
cent, momentarily. The machihes were subjected to a 
high potential test of 5000 volts for 5 minutes. On 
account of the high voltage on the commutator, these 
machines were specially designed to avoid damage due 
to flash-over, occasioned by short-circuits on the system. 
The operating parts of the brush-gear were entirely 
enclosed, the distance between brush-arms was made 
as at as possible, and the commutator was com- 
pletely screened by arc-proof insulating material from 
the armature and frame of the machine. 

Tests were carried out to determine what load could 
be suddenly thrown on and off these sets without flashing. 
Five times full load was thrown on and automatically 
tripped off with a breaker seven times, and three times 
out of the seven the machines stood this severe test 
without flashing. Fig. 46, page 524, shows an oscillograph 


| which was taken during one of the tests when the rotaries 


did not flash over. 

The British Thomson-Houston Company, Limited, 
of Rugby, are at present installing at Erimus another 
set, but of 1200 kw. capacity, consisting of two 600-kw. 
rotary converters coupled in series to form one unit. 

Power to these sub-stations is obtained from the 
N.E.8. Co., the voltage of supply being 20,000 volte 
three-phase for Aycliffe sub-station, and 11,000 volts 
three-phase for Erimus substation, the periodicity be 
40 cycles. At the sub-stations this power is conv 
by means of six-phase rotary converters to 1500 volts 
D.C., this being the supply vol to the overhead line. 

In each of the above sub-stations the E.H.T. switch- 
gear is of the ironclad compound filled type, the 
gear being fitted in a special chamber on switchboard 
gallery, with the control panels and instruments mounted 
immediately in front of same. A special feature of the 
transmission scheme is the high-voltage D.C. gear. This 
switch-gear (see Figs. 40 to 44, Plate XLVI.) has been 
designed comewhet on the lines of that usually adopted for 
high-tension A.C. boards; that is to say, the apparatus 
is of the remote-controlled type and is mounted in a ceil 
structure built up of brick walls with moulded stone 
division slabs, each equipment being thus entirely sepa- 
rated from its neighbour. . 

The individual cells are built up on the cubicle system ; 


that is to say, special compartments are provided for :— 
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1. Busbars and isolating switches (top cubicle). 

2. Circuit-breakers (intermediate cubicle). 

$3. The bottom cubicle contains the operating 
mechanism for the isolating switches and circuit-breakers, 
also the connecting cables passing up to the circuit- 
breaker units. 

From this it will be seen that no high-tension gear is 
accessible below the circuit-breaker cubicle. Further, 
when it is desired to work on the circuit-breakers these 
can be entirely ‘disconnected from the busbars by means 
of busbar isolating switches. The circuit-breakers and 
busbar isolating switches are mounted on polished white 
marble panels built into the” cell structure, suitable 
angle-iron supports being provided for bolting into the 
brick division walls. 

The busbar isolating switches are of the high-tension 
rotary type; that is to say, thecontact units are mounted 
on porcelain insulators carried on moulded stone slabs, 
forming part of the cell structure. The contact blades 
are fixed on porcelain insulators of the sleeve type, 
carried on a rotating shaft fixed to the cell structure 
by means of stout wrought-iron brackets. 

The circuit-breakers includetl in this scheme are 
specially designed for high veltage work, the break being 
exceedingly large and quick. The breakers are of the 
brush contact type with auxiliary copper sparking-tips, 
and special carbon blocks to take the final break. These 
blocks are designed with an ample margin of contact 
area, and in addition are fitted with magnetic ears in 
order to take care of the breaking of the arc. On service 
this device has been found to give exceedingly good 
results. The feeder circuit-breakers are of the plain 
overload type, and are designed to give a very heavy 
setting in order to take care of the momentary overloads 
experienced in a traction system of this description. 
The machine circuit-breakers are of the overload and 
reverse-current type. In conjunction with the reverse 
current a special single-pole relay of the differential 
type is provided, so that in the event of the rotary 
converter coming up of the wrong polarity, it is im- 

ible to close the circuit-breaker on to the busbars. 

his relay is coupled up across the main contacts of the 

circuit-breaker and operates a shunt trip-coil fixed to 

the circuit-breaker release mechanism. This shunt 

trip-coil is also arranged for operating from the over 
speed device on the rotary converter sets. 

For the metering of the power in the sub-stations, 
integrating wattmeters are fitted on the E.H.T. rotary 
equipments, and on the D.C. side two-wire integrating 
watt-hour meters are fitted on the instrument panel. 
Three of these meters are furnished for check purposes 
and are operated from the same shunt, the shunt being 
fitted in the negative busbar between the machines and 
the feeders. 

The control panels are of cast iron and form the front 
section of the bottom cubicles. On these panels are 
mounted the operating handles for controlling the 
cireuit-breakers and. busbar isolating switches. The 
arrangement of these panels is very clearly illustrated 
in Figs. 41 to 44, from which it will be seen that 
practically no exposed part projects beyond the surface 
of the panel, other than the operating handles. The 
instruments are of the vertical edgewise type and are 
arranged for mounting behind the panel, a suitable slot 
with glass front being provided in the panel for these 
meters. The instruments themselves are carried on 
porcelain insulators fitted to the back of the panel 
casting. 

The starting gear on the three 800-kw. rotary,sets— 
that is to say, two at Aycliffe sub-station and one at 
Erimus sub-station—is of the controller type, the machines 
being arranged for tap-starting. These controllers are 
mounted at the end of the machine frames and are 
fixed directly to the main floor of the sub-station the 
connections being taken straight down and carried on the 
basement floor. With regard to the larger sets furnished 
in Erimus. sub-station, these rotaries are of the self- 
synchronising type, the starting gear consisting of oil 
switches mounted in the transformer chamber and 
operated direct from the switchboard gallery, two oil 
switches being furnished for each rotary converter, one 
for the main rotary connections, and the other for the 
starting motor. The a mechanism for these oil 
switches is of the signal lever type, the operating shafts 
being carried on the underside of the basement floor. 
In conjunction with this latter starting gear an operating 
handle is provided for controlling the series switch on 
the D.C. side of the rotary converter; this handle is 
mounted alongside the operating handles of the starting 
switches, and a system of interlocks is furnished for 
these three units, arranged so that :— 

1. Before closing the starting motor switch the other 
two switches must be “ off.”’ 

2. Before closing the main oil switch the starting 
switch must have been closed. 

3. The closing of the series switch automatically opens 
the starting switch. 

In conjunction with this starting gear an” insturment 
panel is fixed alongside the operating handles This 
panel contains an A.C. voltmeter \to indicate that the 
rotary is in rage before closing the main starting 
swi A D.C. voltmeter is also fitted to indicate the 
voltage of each rotary before closing the series switch. 

in connection with the 800-kw. rotary sets, field 
splitting switches are provided of the remote-controlled 
t aig ee for operating direct from the switchboard 
gallery. ese switches are mounted in the basement 
oor in the same structure as the main series switch 
supplied in connection with each rotary. This structure 
consists of marble panels completely covered in with 
expanded-metal screen-work. The operating {handles 
for controlling these switches are mounted on cast-iron 
estals fixed immediately in front of the D.C. control 


The rheostate for the rotaries are mounted in the base. 
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ment floor, and are controlled by operating hand-wheels 
fixed on the machine-control panels, bevel gearing being 
provided for coupling up the control hand-wheel on the 
switchboard gallery to the rheostats in the basement. 

For the lighting of each sub-station, and also for con- 
trolling the portable air-compressor, two 20-kv.a. 
three-phase transformers have been supplied. _These 
transformers are coupled up in paralled on the E.H.T. 
side with the main step-down transformers for the 
rotaries. On the L.T. side, however, a change-over 
switch is provided, so that either of the two auxiliary 
transformers can be coupled up to the lighting circuit 
at will, 110 volts being the lighting voltage. The lighting 
switchboard is of the standard flat-back type, consisting 
of black enamelled slate carried on a pipe framework 
structure arranged for bolting to the sub-station wall, 
and is fixed on the switchboard gallery at right angles 
to the main D.C. control-board. As already mentioned, 
in addition to supplying the lighting, this board also 
supplies power to the portable air-compressor set and 
a spare circuit is provided for the installation of venti- 
lating fans at some later date. 





In concluding our notice of the Shildon-Newport 
electrification, which marks an extremely important 
innovation in the handling of freight in this country, it 
may be of interest if we point out that the freight of 
our railways, whether measured by volume or value, 
constitutes by far the larger proportion of the total 
traffic. In the case of the main lines of the country, 
the statistics for 1913 show that the total traffic receipts 
were made up as follow :— 





£ Per Cent. 
Goods... men --- 66,639,709 = 54 
Mails, parcels, and other 
merchandise sent by 
passenger train 9,836,414 = 8 
Passengers ee 47,141,412 = 38 
Total 123,617,535 = 100 


In the case of railways serving the great industrial 


districts, the preponderance of goods traffic, as would | 


naturally be expected, is very much more pronounced. 
The North-Eastern Railway Company in 1913 employed 








for their goods traffic 117,959 wagons, while for their 
passenger: traffic only 4879 coaches were used. Their 
total traffic receipts for the year were made up as 
follow :— 








£ Per Cent. 
Goods... eae oon 7,374,699 = 66 
Mails, parcels, and other 
merchandise sent by 
passenger train 683,870 = 6 
Passengers 3,134,736 = 28 
Total 11,193,305 = 100 


It would be of very great interest to know what propor- 
tion of the total capital expenditure of the railways has 
been incurred for passenger as compared with goods 
traffic. Probably an accurate estimate would be im- 
possible, but there is every. reason to believe that 
Senator Hill was correct in -his assertion, that if 
allowed to build a railway for: freight service only, he 
could fix freight rates at a price far below what would 
be possible on any artificial waterway. In any case, 
the cheap and efficient handling of the goods traffic of 
the country is a matter of national importance, and the 
working of the Shildon-Newport installation will be 
followed with the greatest interest. 

For freight service the electric locomotive has some 
peculiar advantages. Having no boiler, there is little 
restriction on its size and power, and, owing to its 
simplicity of structure, it can spend a much larger pro- 
portion of its life on active service than a steam 
locomotive. a 

The present enterprise was, of course, greatly facili- 
tated by the existence of the remarkable system of power 
distribution which, through a fortunate inadvertence, 
our legislators failed to stifle in its infancy. The mains 
constituting the distributing system of the North-East 
Coast group of electric power companies cover the 
whole of the industrial areas of Northumberland and 
Durham, to which must be added the Cleveland corner 
of -Yorkshire.. The smaller power stations are in many 
cases operated with waste heat from collieries, coke 
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ovens and steel plants, whilst the main power stations, 
with their steam turbines, have been operated with 
astounding efficiency. In fact, for certain purposes 
power can be sold more cheaply than by most hydro- 
electric stations. 





INDUSTRIAL NOTES. 

The Executive Council of the South Wales Miners’ 
Federation met at Cardiff on Saturday last, May 27. The 
resignation of Lord Muir Mackenzie as independent 
chairman of the South Wales Coal Conciliation Board 
was accepted. The Board met at Cardiff on Monday 
last, the meeting having been convened at the instance 
of the Board of Trade; Sir George Askwith was at 
Cardiff to act as conciliator should his services be called 
upon. The position in regard to wages was considered, 
the men demanding a 15 per cent. advance, whilst the 
coalowners have put forward a 7} per cent. reduction. 
No settlement having been reached at the meeting, it 
was decided that Sir George Askwith should receive a 
deputation from the men, in London, on Tuesday. We 
understand that no agreement was reached at Tuesday's 
meeting, and a further interview between Sir George 
Askwith and the officials of the South Wales Miners’ 
Federation took place on Wednesday, when after hear- 
ing the men’s case, Sir George stated that he would 
consult the coal-owners and communicate further with 
the men’s representatives. 





On Saturday last the Card-Room Amalgamation re- 
fused the employers’ offer of a 5 per cent. increase in 
wages, and maintained their demand for a 10 per cent. 
increase, on the basis of the increased cost of commodi- 
ties and of the profitable state of the trade. The 
employers offered the 5 per cent. increase provided an 
agreement were signed for the regulation of wages for 
a period of ten years. The operatives urged that the 
present time was inopportune for framing agreements, 
and promised to consider favourably the matter six 
months after the end of the war. At the close of 
Saturday’s meeting the Card-Room and the Spinners’ 
Amalgamations decided that the strike notices which 
had been handed in, and had been suspended during the 
negotiations, should again become operative. If no 
agreement is arrived at, these notices are to take effect 
from to-morrow, June 3. The dispute involves about 
300,000 operatives. At the time of writing, meetings 
are being held between employers and operatives with 
a view to the settlement of the dispute. 





Mr. Lloyd George, who was accompanied by Mr. 
Arthur Henderson, M.P., President of the Board ‘of 
Education, and by the members of the National Labour 
Advisory Committee on War Output, met on Monday 
last the representatives of the principal trade unions at 
the Ministry of Munitions, Hotel Metropole. 

Amongst the chief societies represented were the 
Amalgamated Society of Engineers, the Boilermakers’ 
Society, the Steam- Engine Makers’ Association, the 
National Transport Workers’ Federation, the National 
Union of Railwaymen, the Shipwrights and Ship Con- 
structors’ Association, the Associated Iron and Steel 
Workers, the British Steel-Smelters’ Society, the Amal- 
gamated Society of Carpenters and Joiners, the General 
Union of Carpenters and Joiners, the National Furnish- 
ing Trades’ Association, the Blacksmiths’ Society, and 
the National Brassworkers’ Association. 

Some of the prominent leaders taking part were 
Mr. Harry Gosling (President of the Trade Union 
Congress), Mr. J. E. Williams (National Union of 
Railwaymen), Mr. John Hill (Boilermakers’ Society), 
Mr. Robert Williams (National Transport Workers’ 
Federation), and Mr. W. Mosses (Secretary of the 
National Labour Advisory Committee). 

The object of the meeting was to appeal for the 
postponement of the Whitsuntide holidays in order to 
prevent any diminution in the output of guns, munitions 
and other necessary military supplies. It is under- 
stood that the representatives present unanimously 
agreed that the holidays in question be postponed for 
two months, i.e., until after the end of July. 

The Miners’ Federation of Great Britain, which has 
had the question of the curtailment of holidays under 
consideration for some time, at the request of the Home 
Office, was not present. 

In the House of Commons on Wednesday last, the 
Prime Minister, Mr. Asquith, stated that Parliament 
proposed by Proclamation to postpone the Whit-Monday 
holiday until Tuesday, August 8, and he understood 
that the bankers were agreeable to this arrangement. 
It was fully recognised, he added, that both in munition 
works and in other trades it would be necessary that 
individual employees who were feeling the effects of 
overstrain should in suitable cases be granted leave of 
absence ; but it was in the highest degree undesirable 
that during the period refe to any holidays should 
be granted which involved suspension of work in the 
establishment. 

On Wednesday also, Mr. A. Henderson addressed 
« meeting at Manchester of employers and operatives 





employed on munition work, when he said that the 
postponement of the Whitsuntide holiday was necessary 
in order to maintain the required output of munitions. 
= meeting passed a resolution agreeing with the 
scheme. 


At a meeting of the National Advisory Committee the 
question of the Government control of food prices was 
fully considered, and it was decided to acquiesce in an 
application from the annual meeting of the Federation 
of Engineering and Shipbuilding Trades, that the 
Executive Council of that body, together with represen- 
tatives from its various District Committees, should, 
with the Parliamentary Committee of the Trade Union 
Congress, wait upon the Minister of Munitions and the 
President of the Board of Trade with a view to discuss 
with these Ministers the apparent embargo which has 
been placed upon any further general increase of wages, 
together with the steady and continuous increase in the 
cost of living. A considerable amount of information 
has been obtained respecting the various increases of 
wages which have been granted in different trades to 
the workmen concerned in the manufacture of munitions, 
together with much statistical information with regard 
to the increase in the cost of living in these districts; 
this information will be available for the proposed con- 
ference which it is expected will be held shortly. 








Many will make fortunes in the manufacture and sale 
of war munitions, says Machinery, New York, in a short 
= entitled “ Dangerous War Business,” and many 
will lose money as a result of undertaking to manufac- 
ture products with which they are unfamiliar or owing 
to conditions over which they have no control. The 
following extract from a circular letter which was 
recently sent to the creditors of a company reveals a 
situation that probably has many parallels :— 

“We regret to be obliged to ask our creditors for a 
general extension of time for the payment of our 
accounts. 

“Tn explanation we would say that in September, 
1915, we entered into a contract for machining 250,000 
shrapnel shells, to be done at the rate of 1000 to 1290 
per day, beginning on November 1, 1915. We imme- 
diately changed our machines, so as to enable us to do 
the machining, but we were at first delayed by the 
failure of the owners of the work to furnish correct 
gauges and standards; we were further delayed later by 
changes made in the specifications, and by the failure of 
the inspectors of the work to arrive and make examina- 
tions of what had been already done until January, 
1916. A new change was agreed upon in the specifica- 
tions, not contemplated at the time of the making of the 
original contract, which necessitated the purchase of six 
grinding machines. Owing to the present conditions 
and to congestion of orders in the machine-making fac- 
tories, it was found impossible to obtain these machines 
until late in the summer. We had therefore to make 
arrangements with the owners of the work to supply us 
with the necessary grinding machines; they have agreed 
to make and deliver these. 

‘“‘ Meanwhile, with no income, we have exhausted our 
resources and are at the present time shut down. We 
are assured by experts that we have a good contract and 
one which, if carried to completion, would not only pay 
all our indebtedness but leave a substantial profit for 
our stockholders. The quality of our product thus far 
has shown that we are able to do the work satisfactorily 
and below the figures we estimated when the contract 
was entered into. All that we need is the time to swing 
ourselves.” 





With reference to the American Tavenner Bill, the 
same journal, Machinery, says that scientific manage- 
ment is a term used to designate the application of 
scientific methods, or the application of human efficiency 
to benefit the employee by lightening labour, augmenting 
output and increasing earnings; to benefit also the 
employer by augmenting output and thus decreasing the 
cost of wn fame 0 In view of the mutual advantages 
that accrue from improved methods of manufacture—the 
better utilisation of human effort and increased produc- 
tiveness of investment in machinery and plant—the 
objections on the part of labour leaders, legislators and 
others, to the scientific investigation of manufacturing 
methods seem absurd. To forbid the Government by 
law to purchase materials made in an establishment 
where scientific management is followed, would compel 
the Government to use materials made in the least pro- 
gressive and efficient plants, often, if not always, at 
higher costs. It would tend to discourage, instead of 
encouraging, American manufacturers in preparing to 
meet the competition of other countries. 





A similar note is struck in a speech by Mr. James A. 
Emery, delivered before the National Metal Trades 
Association, New York. reported in the Iron Age. Mr. 
Emery said :—‘. . . Our greatest industrial need in 
this hour is skill and efficiency. We must make the 
best operatives, while making the best commodities. 


It is every employer's duty to encourage. the training of 
skilled industrial soldiers to meet the assault of inter. 
national competition; it is every worker's duty to 
become an ient member of the army of industrial 
Ho vogepen vn attain this end, we must have free 

‘or capital and labour, unhampered by unintelligent 
a § uneconomic legislation, which is dineunaing and 
comping to private initiative; we must also have 
liberty of development and opportunity for every work- 
man, so that the latter can a the best of that which 
is in himself, to his benefit and to that of society ... . 
Legislation as a social cure-all for the inequalities of 
life, as a pleasing way of distributing the fruits of 
success to the unsuccessful, as a popular method of 
conducting social experiments at the expense of the 
frugal, the efficient and the well-to-do, has made persua- 
sive appeals. The chief subject of attack is the business 
man, and the business man cannot succeed without lifting 
others up; he makes two jobs grow where one grew 
before ; and he has been, broadly speaking, the one 
unorganised element in a maelstrom of systematic deter- 
mined effort to control his action, restrict his operations, 
tax his earnings, discourage the reinvestment of his 
profit—if any he makes—deprive him of essential legal 
protection from powerful industrial organisations, and 
subvert and re-shape the vital character of his govern- 
ment. The employer, carrying the chief financial burden 
of government and all the responsibility of supervising 
and directing commerce and industry, is the victim at 
every turn of organised effort. Timid public men, 
overawed by organisation, have become, by the very cir- 
cumstances of the hour, the persecutors of business, 
because it is unorganised. . . . The American employer 
can neither meet the abuses of organisation except by 
counter organisation, nor ascertain or systematically 
arrange the complex facts of our industrial life without 
organisation. ithout joining with his fellows, he can 
neither acquire nor express an articulate collective 
judgment that can right! impress the makers and 
administrators of law. The esson of the hour is 
organisation for the American employer, that he may 
with his fellows stand shoulder to shoulder in the 
defence of his rights and the study and development of 
sound policies of business stutesmanship to meet the 
serious circumstances of the day. 





Tue Great Laxes.—The quantity of iron ore at Lake 
Erie Docks at the close of April was 3,311,000tons. This 
was less than at the corresponding date in any year since 
1907, the total for April, 1915, having been 5,900,000 
tons. Shipments from Lake Superior ranges in April 
were 1,658,411 tons, as com with 503,832 tons in 
April, 1915, showing an increase of 1,154,579 tons. This 

t increase augurs well for 1916, breaking all records. 
While the Duluth and Superior percentages of the total 
were about the same as last year, the Escanaba contribu- 
tion was much larger in consequence of an earlier breaking 
up of the ice. 





SuBMARINE TELEGRAPHY.—The revenue of the Eastern 
Tel h ee for 1915 amounted to 2,104,432I., 
redu by 655,889. by ordinary worki expenses 
and 202,609/. by maintenance of cables, differences in 
exchange, &c., a a balance of 1,245,934/., to which 
should be added 32,742/. brought forward from 1914, 
making available 1,278,675/. The directors placed 
460,000. to the general reserve and 15,0001. to the 
company’s other numerous reserves. The dividend for 
1915 was increased from 7 per cent. to 8 per cent., and 
26,6381. was finally carried forward. The general reserve 
fund has been charged with 204,880/. in t of a 
new Aden and Colombo cable and other special expendi- 
ture, and with 125,000l. as a further provision for invest - 
ment fluctuations. The net addition to the general 
reserve fund for 1915 was 130,120I. Lg By. - of the 
eable used for maintenance t' year was 
34,414/., and 15,9841. was chengeh tee d rodintion of 
spare cable. The value of the cable ahd other 
stores held by the pays at the close of last year was . 
estimated at 373,892/. Cable, land lines, stations, ships, 
and investments in other companies stood in the books 
at the close of 1915 at 8,052,974. 


Norruern Avustratia.—By the Northern Territory 
Acceptance Act the Northern Territory of South Australia 
was transferred to the Australian Commonwealth, and 
it is now administered by the Department of External 
Affairs. By the Acceptance Act the Commonwealth 
undertook to construct a transcontinental railway from 
Pine Creek southwards to connect with the Port A 
line, and also to purchase from South Australia a 
line from Port A to Oodnadatta. The Pine 
line is in course of development, and it is e ed that 
it, will reach the Katherine, 70 miles from Pine Creek, 
before the close of this year. The capital of the Northern 
Territory, wich was originally called Palmerston, has 
been renamed Darwin. The town is situated on Port 
Darwin. The harbour equals in size any in the world, 
and it is ca; le of accommodating vessels of 10,000 tons 
burthen. Some wide streets have been well laid out, 
and there is an esplanade bordering the town for nearly 
2 miles. At present the most rtant occupation 
in the Northern Territory is industry. Gold, 
tin, copper, silver, lead, wolfram, &c., are being mined, 








and ogists are of opinion that the natural resources 
of territory are great; at present, however, little 
actual mining has been done, 
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THE LAWS OF SKIN FRICTION. 


The Laws of Skin Friction of a Fluid in Stream Line and 
in Turbulent Motion along a Solid of Great Length.* 
By Cuartes H. Less, D.Sc., F.R.S. 
INTRODUCTION. 

1. Tue problem of the resistance experienced by a 
ship or other long pointed body in motion parallel to 
its Sength on the surface of water is a difficult and com- 

licated one, largely owing to the fact that the resistance 
is due to three causes :—First, the frictional resistance 
of the water moving t the surface of the body and 
amounting at speeds of 5 or 6 knots to 80 or 90 per cent., 
and at speeds of 20 knots to 50 per cent. of the total 
resistance. Second, the resistance due to the formation 
of eddies alongside and in the wake, which in ships of good 
form Mr. Wm. Froude estimated at about 8 per cent. of 
the total resistance. Third, the resistance due to wave- 
making on the surface of the water, which at speeds of 
6 to 8 knots may be only a few per cent., but at 20 knots 
becomes 40 per cent. of the total. 

2. The frictional resistance, forming as it does more 
than half the total, has been the subject of careful 
measurement by Mr. Froude,t in this country, by Tide- 
man,{ in Holland, and by Geber,§ in Germany. Each 
made use of long flat beneke towed under water with their 
breadths vertical and their top edges an inch or two below 
the surface of the water to diminish surface waves to a 
minimum. Mr. Froude’s boards were ,‘; in. thick, 19 in. 
broad, and up to 50 ft. in length, and were towed at 
8 between 100 and 800 ft. r minute. Each 
arrives at the conclusion that the skin friction F of such 
boards is expressed by : 

F=fAave (1) 
where f is the frictional constant depending on the 
nature of the wetted surface of the solid, A is the area 
and V the velocity of that surface ; n is a constant which 
depends on the nature of the surface of the solid, and 
for the freshly painted hull of a ship is generally taken 
as 1.83. 

According to Froude the frictional resistance is nearly 
independent of the form of the section of the body 
moved through the water so long as the wetted perimeter 
of the section remains the same. 

3. The risk involved in extending this expression from 
flat boards 50 ft. by 2 ft. moving with speeds not exceed- 
ing 800 ft. per minute to ships 800 ft. long, 90 ft. beam, 
and s' of 26 knots, ¢.¢., 2600 ft. per minute, has been 
felt by all,|| but the fact that no serious discrepancies 
have been found shows that it is not far from the truth. 
The subject will be put on a much firmer basis when data 
for bodies of intermediate size have been secured, by 
measurements made on submarines 100 ft. to 200 ft. 
long towed under water. 

In view of the limited range of the experiments on 
which the formula for the frictional resistance is based, 
it seems desirable to consider the evidence provided in 
support of, or in opposition to, the formula by experi- 
ments in other directions. As several new results have 
been reached during the past four or five years, it seems 
advisable to put them before naval architects for their 
consideration. 


On tHE Fricrionat RESISTANCE TO THE Frow 
FLuIps THROUGH PIPEs. 


4. When a fluid of density p flows through a length 
l of a smooth pipe of diameter d with a mean speed over 
the section of the tube of v, not sufficiently large to cause 
the motion of the fluid to deviate from stream-line 
motion, the frictional resistance F to its motion is given 
according to Stokes by : ’ 


oF 


=S8arnilv. (2) 
where 7» is the viscosity of the uid. When the s of 
the fluid is increased above a certain value, called by 
Reynolds the “ critical velocity " for that fluid and pipe, 
the frictional resistance increases faster than the first 
power of the velocity, and at high speeds becomes nearly 
proportional to the square of ‘the mean velocity. We 
propose to call the motion under the first law “ stream- 
line motion,” and when deviation from this law com- 
mences to call the motion “ eddying or turbulent motion.” 

5. The experimental results obtained by Stanton and 
Pannell] at the National Physical Laboratory in the 
turbulent flow of water and ether fluids hacugh smooth 
brass of diameters (.3 to 12 cm., at speeds from 
5 to & em. per second, and those obtained by Saph 
and Schoder** at Cornell University on water in pipes 
from 0.3 to 5 cm. diameter, have been shown recently to 
lead to the following simple formula for the total fric- 
tional resistance F of a smooth pipe of length /, diameter 
d, through which a fluid of kinematical viscosity y is 
flowing with mean speed v :— 


24 Ame i v\"\ TT 
F rplde jeto( >) Apet{a+o( >) \ tt (3) 


* Paper read before the Institution of Naval Archi- 
tects, April 12, 1916. 
W. Froude, “ Reports of the British Association,” 
Page, 118 (1872), 249 (1874), 
ideman, Results quo by T “* Speed 
Power of Ships,” Table VI. ve _ 
§ Geber, “ Schiffbau,” IX. Jahy. 6 and 7. ; 
|| Taylor, in his “‘ Speed and Power of Ships,” page 61, 
for example, says it is “ ulative to some extent.” 
q Stanton and Pannell, Phil. Trans. Royal Society, 
a cxiv., “ dee 1914. > 
aph and Schoder, American Society of Civil En 
pte vol. li., page 253, 1908. 
tt Lees, Roy. Soc. Proc. A., vol. xci., page 49, 1914. 
002, b=0.141, 


Recently Lander has shown that with a=0. 


of pipe, 


where A is the area of the surface of the ay ong of ripe 
the flui 


a = 0.0009, b = 0.0765, n = 0.35, whatever 
or the system of units used. 

From the form of this expression it will be seen that 
for all mean velocities above the critical, for which :— 


de. 3000 about, 
P 


the resistance over small ranges of velocity will vary 
approximately as a power of the velocity between 1.65 
and 2.0, and that, as the diameter of the pipe increases, 
or the speed increases, or the kinematical viscosity 
decreases, the resistance will vary more nearly as the 
square of the velocity. 

The single power of the velocity which gives the best 
approximation in the neighbourhood of a particular 





value of *” is:— 
b/yv : 
14¢{1-% ( ) 
a = 2 (- 2 bade le 
1+} 


On THE RESISTANCE TO THE Motion or Lone Bopres 
TowrEep THROUGH WinE Pires. 


6. The pipe problem which most nearly approaches | 
that involved in the motion of a ship is, however, not 
that of flow of a liquid through the pipe, but that of the 
motion of a long solid towed through a pipe filled with 
liquid. If we suppose the wetted portion of the body 
of a ship of beam B and moulded draught 5, moving along 
a wide canal, to be duplicated, the copy turned upside | 
down and placed on the original, so that the water-lines 
coincide, we have a body (Fig. 1) which when towed, with 
the speed of the ship, through a pipe of breadth equal 


Fig. 1. 
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to that of the canal, and of height twice the depth of the 
eanal, would meet with a frictional resistance double 
that of the ship. If we now cut off the bow and stern 
(Fig. 2), and replace them by long lengths of parallel 
mid-body, to the ends of which the bow and stern are 
then attached, we arrive at a very long body (Fig. 3) 
towed through a long pipe filled with liquid. We pro- 
= to summarise some recent extensions of our know- 
edge of the resistances encountered by the centre 
lengths of such bodies of approximately ship sections 
when towed slowly through a wide pipe, so that the 
motion of the liquid is strictly stream-line motion.* 

The sections of greatest interest are those with breadth 
B and height 2 4, which lie between the rectangle and the 
inscribed ellipse, whose sectional coefficient will be 0.785 
i e submarine falls into the latter class 


7. When a very long body, whose cross-section is an 
ellipse of semi-axes a, and 6), is towed with speed v 
through the centre of a wide tube whose section is a 
confocal ellipse of semi-axes ag and 6», the frictional 
resistance F to the motion of a length J near its centre is 
given by :— 

is 2rnlv ft 
loge 22. + be 
BF a + bt 


Where 7 is the viscosity of the fluid filling the tube, the 
logarithm is to the base ¢ and the fluid is in stream-line 
motion. 

When the outer tube is very wide, a, and b. become 
almost equal, and the tube may be considered one of 
circular section of diameter = a) + b). Under these 
circumstances the formula allows us readily to compare 
the resistance of bodies of different elliptical, circular, or 
flat sections towed through the same tube or canal. Thus 
a +. be of the outer tube the same, and the — 
of the 'y in the tube the same, we notice that so long 
as a; + b; is kept thesame the resistance will be the same. 
Hence bodies of elliptic sections moving with the same 
speed through fluids filling wide tubes experience the 


(5) 





n = 0.44, the formula covers his measurements on the 
flow of water and steam through small rough wrought- 
iron pipes. (Roy. Soc. Proc. A., vol. xcii., 1916.) 

“wn Lees, Roy. Soc. Proc, A,, vol, xcii., page 144, 


same resistance if the sums of the semi-axes of the 
sections are kept the same. Since it will be convenient 
to refer all sections to the circular section of the same 
resistance, we may state the law thus :—The diameter 
of the circular section of equal resistance to any elliptic 
section is equal to the sum of the semi-axes of the elliptic 
section. is holds for sections varying from that of 
a thin strip to that of a circular cylinder. In the case of 
a long, thin, flat strip it will be noticed that the diameter 
of the circular cylinder of the. same resistance will be 
half the width of the strip. 

8. When the section of the body towed through the 
tube differs from an ~~ the expression for the re- 
sistance is not so simple. When the section is rectangular, 
it has been shown recently* that for rectangles whose 
half sides are respectively a and b where :— 

a = 2. E,(a) — 2. cos? a F; (a) 
and 
b = 2.E, (4m — a) — 2.8in? a Fi ($e — a) 

E, and F, being the complete elliptic integrals of the 
second and first kind respectively, and a an angle 
between O and 47, the rod of circular section, which has 
the same resistance when towed at the same speed, has 
a diameter = 2.0. 

From this it may be shown that the diameter d of a 
body of circular section, which will have the same re- 
sistance as a body of rectangular section, whose long half 
side is a, and short half side 6, is given by :— 


a=@+H(145./,55) 


with an error not exceeding 3 per cent. 

To facilitate the use of the equivalent circular section, 
the following table has been calculated for the rectangular 
sections by the accurate expression involving elliptic 
integrals, and for the elliptic sections by the formula (5), 
already given. 


Table of Equivalent Moulded Breadths Bo of Long Parallei 
Mid-body of Semicircular Section, having the same resis- 
tance for Stream-Line Motions as an equally Long 
Parallel Mid-body of Moulded Breadth B = 1, Moulded 
Draught 6 and either Recta or Elliptic Section, and 
Sectional Coefficients 1 or 0.785 respectively. 


(6) 


Equivalent Breadths By, 


"or 


For sec. coef. 1. | Forsec. coef. 0.785 


0.500 1.18 1.00 

0.464 1.14 0.964 
0.429 1.10 0.929 
0.397 1.06 0.897 
0.368 1.02 0.868 
0.341 0.989 | 0.841 
0.314 0.958 0.814 
0.291 0.928 0.791 
0.269 0.899 0.769 
0.249 0.873 0.749 
0.229 0.848 0.729 
0.152 0.745 0.652 
0.095 0.662 0.595 
0.057 0.604 0.557 
0.030 0.562 0.530 
0.013 0.530 0.513 
0.003 0.508 0.503 
0.009 0.500 0.500 


With the help of this table, or Fig. 5, or the formule 
(5) and (6) previously given, any problem with regard to 
the frictional resistance of a very long body of rectangular 
or elliptic section towed along a wide tube filled with 
liquid can be reduced to the simpler problem of a long 
circular cylinder towed along the same wide tube, so 
long as the liquid moving past the body is in stream-line 
motion. 

9. When the speed of the long body is increased, eddy 
currents begin to be formed in the liquid, the motion 
ceases to be stream-line motion in the strict sense, 
and becomes eddying or turbulent motion. For the 
resistance brought about by such motion we have no 
satisfactory theory, and are compelled to fall back on 
experiment and on empirical formule for the range 
outside that of direct observation. . 

10. The principle of physical dimensions as applied 
by Lord Rayleight to the case of the turbulent flow of 
fluid through a smooth pipe of circular section is equally 
applicable to the motion parallel to its axis through a 
fluid of a very long body of circular section. It is found 
that the resistance per unit area of wetted surface must 
be proportional to :— 

v\ 


dv; 


(4) 


is some unknown function. This makes the skin friction 
on a length J of the long body proportional to :— 


2 AN 
Am aus( yz) 


pres 


where :— 


If, then, experiment shows us that the skin resistance is 
gungartional te the nth power of the velocity, the function 
must be :— 


(a) 


and the force on a length / of the body will be propor- 
tional to :— 


2 vy \2-» 
pe ai(?.) 

“® See Lees, loc. cit., page 153. 
+ Rayleigh,=Phil. Mag., 34, page 59 (1892), Aero- 





t See Lees, Joc, cit., page 149. 








nautics Report, 1911-12, page 97, 
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Lord Rayleigh* has pointed this out in connection with 
Zahm’s}{ results for the frictional forces on flat boards 
along which a current of air is moving, and the same 
remark is applicable to Froude’s results for the frictional 
resistance to flat boards towed through water. Taking 
n = 1.83 for boards in water, we have the resistance of a 
length J proportional to p v%!7 J d%-33 y!-83, 

We do not appear to have sufficient data as to the 
resistance of boards of different breadths to enable us 
to decide between the 4-8 of this expression and the d1-0 
of the formula usually taken, but there seoms no doubt 
that if the frictional resistance of a very long body of 
circular section is proportional to a single power of the 
velocity less than 2, the diameter of the y should 
come in to a power less than 1 by the same amount. 

11. The frictional resistance of the walls of a pipe was 
formerly taken proportional to v'-7, but, as measurements 
at higher spe became available, it was found necessary 
to take a higher power as the increased. Up to 
the present nothing simpler that the double power 
formula (3) : 


OS ieee { r PAM 
F=p.ind.vt! a+6(7)) 


already given, seems adequate to cover the whole of the 
data available. 

It seems highly probable that, as data for the frictional 
resistance of very long bodies moving through water 
accumulate, a formula of this t; will become necessary, 
for there is nothing fundamentally different in the motion 
of the liquid past the wall of a pipe and in its motion 
past the surface of a very long y towed through 
it. 
12. To show the close connection between the two 
cases, we may take the pipe formula with its constants 
fixed by modern pipe experiments and assume that it is 
applicable to very long ies of circular section towed 
through liquids. The diameter of the pipe becomes the 
diameter of the body, and we may in the first instance 
take the mean velocity through the pipe as the analogue 
of the velocity of the body. It will then be possible 
to calculate the resistance of a length 1 of the body for 
@ given velocity. As, however, there are no measure- 
ments of the frictional resistances of long bodies of 
circular section available with which to compare the 
calculated results, we may calculate the frictional re- 
sistance of a circular cylinder which in stream-line 
motion would have the same frictional resistance as the 
flat varnished boards used by Froude, and compare the 
results of the calculation with those obtained by Froude} 
from his experiments. 

Froude’s boards were ;‘; in. thick, 19 in. broad, and of 
various lengths up to 50 ft. The circular cylinder, 
which would have the same resistance in stream-line 
motion, has a diameter 9.6 in. = 24.4 cm., while the 
cylinder of equal resistance in eddying motion, according 
to the generally accepted theory, would have the same 
surface as the how t.¢., @ Tastee of 12.23 in. = 
31.1 cm. 

Taking the last alternative and calculating by means 
of the pipe formula :— 


0-55 | 


F = 31d v2 { 0.00000 + 0.0765 (>) 
dv J 


which for water at 15 deg. Cent. reduces to :— 
F = 14d v2 {0.00283 + 0.0502 (1! 
\ dv J 
the frictional resistance of a length of 1 ft. = 30.5 em. 
we get :— 
0-35) 
; 


¢.g.8. units per foot run, and on dividing 
the value of F in Ibs. force per foot run. 
are the numerical values of F at speeds 
Froude § :— 


F = ot | 2-68 + 44(*) 
v 

by 4.45 x 105, 
The following 
used by 


Speed. Force in Lbs. per Foot Run. 
| | | Froude observed 50 ft. 
Ft. per mt. | Cm. per sec.) Calculated. | tot, — 
| Last 45 ft. ! Last 34 ft. 
200 102 0.128 0.104 | 0.097 
300 152 0.270 0.216 | 0.209 
400 203 0.455 | 0.362 | 0.353 
500 254 0.690 | 0.536 0.491 
600 305 0.962 | 0.751 0.741 


It will be noticed that on this hypothesis the frictional 
force calculated from the pipe formula comes between 
20 and 30 per cent. greater than that found by Froude. 

13. Taking now the equivalent cylinder to be of 
diameter 24.4 cm. in accordance with the stream-line 
theory,|| we get for the frictional resistance of a foot of 
the pipe :— 

0-35 | 


F= ot {2104 12.2(5) 


v 
* Rayleigh, Phil. Mag., 8, 
t Zahn, Phil. Mag. ri 
} Froude, Report, British Association, 1872, page 118. 
; § The numbers quoted from Froude are cohen from 
the eurves A, G, and D of Plate IV., page 120. B.A. 
‘veport, 1872. 
| Kent and Baker, Trans. Inst. Nav. Arch., vol. xlv., 
i age 37, have recently shown that the frictional coefficient 
fin formula (1), page 526, is greater for models of ships 
than for flat boards. The stream-line theory makes it 


i. 1.28 times as great for a circular section as for a flat 
board. 


page 66 (1904). 
58. 


c.g.8. units. On dividing by 4.45 x 105 we get F in lbs. 
per foot run, and the following numerical values :— 


Speed. 


Force in Lbs. per Foot Run. 


Froude observed 50 f+. 
Ft. per mt. Cm. per sec. Calculated. board. 
| Last 45 ft. | Last 34 ft. 


200 102 0.105 0.104 | 0.097 

300 | 152 0.220 0.216 | 0.209 

400 203 0.374 0.362 | 0.353 

500 254 0.560 0.536 * 0.491 

600 305 0.785 0.7>1 0.741 
! 


ipe formula and 


constants exceed those observed hy Froude for the lart 


34 ft. by about 5 ae cent., but the ment* is 
sufficiently closé to show that there is in robability 
an intimate connection between the frictional resistance 


of the after portion of a long towed body and that of 
water flowing through a pi Till the process by which 
frictional forces are introduced in eddying motion are 
better understood, and a general theory hes been de- 
veloped,t it will be impossible to make use of this con- 
nection to the best advan In the meantime it 
seems desirable that experiments should be made with 
a view to determining to what extent the propositions 
with regard to bodies of equivalent resistance in stream- 


Fig.5. 
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line motion may be carried over to eddying motion’ 
and, if it should prove they cannot be, to determine the 
corresponding propositions for eddying motion. 


Prorertigs oF A Two-Power Formvuia ror SKIN 
Friction or Lone Paratiet Mip-Boptes. 


14. The success of the formula: 
me J ag. 
F ride{a+b(.”) Piss i 


with the values of the constants a, b, and n taken from 
the experiments on the flow of fluid through smooth pipes 
in reproducing the values found b roude and by 
Tideman for the resistances of beasks towed in water, 
makes it advisable to trace still further the consequences 
of adopting an expression of this kind for the frictional 
resistance of long parallel mid-bodies of ships and of 
their tank models. 

15. In the first instance, consider the laws of variation 
of resistances of the long body and its model with the 


speed. 

If a small c 6 v is made in the aqeod. the resulting 
small change 6 F in the resistance may be found from the 
equation :— 


oF 1+ (1 — jn) (°) (,’,) - Se 


F b > v 
1 ms 
* (2) (4 .) 
On substituting the values of the constants for water 
as found in pipe experiments, this becomes :— 


1 \ 0-35 ; 
sp +146 (,1) .. 8° 


Poi4¢a ( : 4 
dv 


Taking the case of a 26-knot liner for which the diameter 
of the equivalent circular section of the same resistance 
is, say, 90 ft., and its tank model of diameter, say, 1.8 ft., 


(7) 





* With Tideman’s constants, as quoted in Hiitte, 
21st Edition, vol. ii., page 745; for painted surfaces, the 
frictional force per foot run on the fast 30 ft. of a 60-ft. 
board would be about 3 cent. higher than the values 
given above for the last 34 ft. of Froude’s board. 

¢ Dr. Giimbel, Jahrbuch der Schiffbautechnischen 
Gessellschaft, vol. xiv. (1913), page 393, suggests that 
the relation between the translatory and vortex motions 
provides a sufficient explanation. 








and speed 3.68 knots, we have for the model d = 55 cm. 
v = 184 cm. per second.: Thus :— 


dv = 1.01 x 104 and (d v)055 = 252 
Hence for the model :— 


14.6 
ar} + (559) 2 dv _ igs 5” 
F we iw\ ° lap ae 
(253) 


This implies that for small variations of s of the 
model in the neighbourhood of 3.68 knots the frictional 
resistance will vary as the 1.85th power of the speed, a 
result in fair agreement with experiment. 
For the ship d = 2745 cm., v = 1300 cm. per second. 
Thus :— 
dv = 3.57 x 105 and (d v)055.— 196 


Hence for the ship :-— 


14.6 
1 
| et ( 106) «2. 8" 197,84" 
te 1+ (17.7) v v 
("sa) 


This implies that for variations of the speed of the ship 
in the neighbourhood of 26 knots the frictional resistance 
will vary as the 1.97th power of the ; that is, for 
large high-speed vessels the frictional resistance wil! vary 
very nearly as the square of the gee 

It remains to be seen whether the experience of naval 
engineers is in favour of the square of the speed for the 
law of frictional resist of the vessels themselves. 
It is the law on which the validity of the Admiralty 
formula for the horse-power and the existence of the 
Admiralty coefficient depend. 

16. In the second place, we may consider what is 
implied by the two-power formula as to the variation of 
the frictional resistances of ship and model with tempera- 
ture, or with salinity of the water. 

If, owing to either cause, » increases by the small 
amount 6 v, the small change 6 F in the frictional resist- 
ance may be found from the equation :— 


é6F _ n by 
F ee F; ) k 
v 
(a *) 
Taking the change from v = 0.0114 at 15 deg. Cent. 
to y= 0.100 at 20 deg. Cent., dv = — 0.0014 and 


oe = — 0.123 for 5 deg. Cent. or 9 deg. Fahr. Swbsti- 


v 
tuting in the formula the values of the constants found 
for the flow of water in smooth pipes we have :— 


1. Pee 0.0430 
F 1 + 0.0564 (d v)0-55 


For the model of the fast liner previously considered 
this gives with (d v)055 — 25.2 


Lp 0.0430 A 
F 1 + 0.056 (25.2) 


that is, 1.8 per cent. for 5 deg. Cent. or 9 deg. Fahr. 

At lower speeds the decrease would be greater, and in 

fair agreement with those found by Froude and by Baker* 

for models of about this size. 

In the same way for the ship itself (d v)-35 = 196. 

Hence :— 
6F_ 0.0430 
F 


~ ~ 70.056 (196) ~ 


that is, 0.36 per cent. for 5 deg. Cent. or 9 deg. Fahr. 

is deereaso is insignificant in comparison with the 
much larger decrease found for the model. Thus, 
although the temperature effect is appreciable in tank 
experiments, and makes it necessary to reduce results 
to a standard temperature, the effect of temperature 
on the frictional resistance of the ship itself is in- 
appreciable. 

7. The change from fresh to sea water involves an 
increase of vy at 15 dog. Cent., from 0.0114 to 0.0116, 
which is nearly equal to that due to a decrease of 0.7 deg. 
Cent. or 1.2 deg. Fahr. in the temperature of fresh water. 
Thus the only appreciable change in the frictional 
resistance of a ship on passing from fresh to salt water 
would be that due to the change of draught. 

It remains to be seen how far these Seductions from 
the two-power formula for the frictional resistance are 
in accord with the experience of naval engineers. 





(8) 


— 0.018 ; 


— 0,0036 ; 


On tur Fricrionat. Resistance Dur To Kgets IN 
Srream-Live Mortons. 


18. When a plane surface of considerable extent is 
in motion in its own plane through a fluid, at a speed 
small enough to generate only stream-line motion, in the 
surrounding fluid, the addition of a thin keel to the sur- 
face, with its length along the direction of tion, in- 
creases the frictional resistance to the motion py an 
amount which has been recently calculated. If A (Fig. 6) 
is the outer edge of the section of the keel, B its inner edge, 
and P a point on the plane surface some distance from B, 
and in a plane perpendicular to that of the keel, tho 
frictional resistance of the surface A B of the keel and 
the surface B P of the i is equal to that of a strip of 
the origi surface of breadth y (A B + B P2®), so long 
= the keel is thin or is only thickened at the inner edge 





t 

When the keel is of considerable thickness, O (Fig. 7) 
being the centre of its lower surface, A the outer edge, 
B the inner edge, and P a point on the plane surface, 


* Baker, Trans. N.E. Coast Inst. Eng., vol. xxxii., 
41, 1915. 
t Lees, Roy. Soc. Proc., A., vol. xcii., page 156, 1915. 
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the frictional resistance of the surface between O and P 
is 2 ual to that of a strip of the original surface of 
width :— 


/{(O A + BP) + A B2 + 1.77 O A082 A Bois } * 
in all cases in which P is a considerable distance from 
B and O A does not exceed twice A B. 

The inner edge of the keel at B may he thickened 
considerably without seriously affecting the result. 

When the surface to which the keel is attached is 
cylindrical instead of plane, the propositions still hold 
if the distances B P are measured along the curved surface 
and the radius of curvature of the surface is large com- 
pared to the depth of the keel. 

19. When we pass from speeds which give only stream- 
line motion in the fluid to speeds high enough to produce 
eddying or turbulent motion, we get little guidance from 
theory. Froude’s experiments of the effects of bilge 











keels on the Greyhound indicated that they increased 
the frictional resistance to a small extent only. This 
is in keeping with what would be expected from the 
stream-line theory, but that theory cannot with any 
confidence be extended to cases involving eddying 
motion without further experimental work. It is, 
however, probable that the additional frictional resis- 
tance due to a keel is at low 5 considerably less 
than the value as usually calculated from the added 
surface. 





20. The foregoing columns serve to emphasise the fact 
that while in the case of stream-line motions the general 
theory is capable of giving us interesting and important 
results with regard to the frictional resistances of long 
bodies, in the case of eddying or turbulent motions the 
absence of a general theory forces us to use empirical 
formule over ranges much wider than are covered by the 
original measurements. Tt is of prime importance that 
further measurements should be made on bodies which 
lend themselves to simple theoretical treatment in order 
to build up a satisfactory theory. In the meantime it 
seoms justifiable to make what use we can of the pro- 
positions established for stream-line motions, and of the 
connection between the frictional resistances of pipes 
and of long bodies towed through fluids, when the motion 
in tho fluid is eddying or turbulent. 





Sautt Ste. Marter.—The Great Lakes Power Company, 
Limited, an American concern, has purchased the water 
ower plant of the Algoma Steel Corporation on St. 
fary’s River Falls, including all rights now held for water 
for further development. This practically involves a 
control of all the power pgpestiones to Canada which may 
be developed on St. Mary’s Falls. There is now about 
15,000 horse power, and the “ deal’’ includes a contract 
for increasing this to 30,000 horse power, to be ready for 
use by January 1, 1918. The development of this further 
power will cost approximately 2,000,000 dols. 





LEAKAGE FROM WaTER Mains.—lIn an article recently 
— in the Journal of the New England Water 

Jorks Association, Mr. A. H. Smith observes that the 
leakage from water mains is usually surprisingly high. 
The general opinion of water-works men i be says, 
that from 30 per cent. to 40 per cent. of the total supply is 
lost by leakage. The leaks may be in the underground 
mains, in broken or abandoned service pipes, or in faulty 
domestic fittings. In a test of mains at om teehg Mass., 
having lead joints and working under an 80 ft. head, the 
underground leakage amounted to 20,800 gallons (U.S.) 
in the 24 hours, which was equivalent to 1.58 gallons per 
lineal foot of the joint. Asa remedy, Mr. Smith expresses 
the opinion that either some better material than lead 
must be found or more care must be taken in making 
the joints. He considers that a loss not exceeding 
1 gallon per day per ft. of joint under 100 Ib. pressure 
may be regarded as satisfactory. 





A Lares Drarmace Piant in Catirornia.—-In a 
recent issue of the Journal of the American Society of 
Mechanical Engineess, Mr. G. C. Noble describes a large 
centrifugal aeng, poont installed in the Sacramento 
Valley, California. 6 area drai covers 66,000 acres. 
The maximum flood level is 49 ft. above datum, and 
pee winter time the entire district (prior to the 
establishment of the works) was under water to a depth 
of, in some cases, as much as 20 ft. To drain it, levees 
of @ total length of 70 miles were constructed around the 
area. The whole of the space included was arranged to 


drain to one point, where an yo driven centri- 
fugal pumping plant has been instal This consists 
of six 50-in. centrifugal pumps, each pled to an 800- 





horse-power electric motor. These pumps can eac 
deliver 175 cub. ft. per sec. against a head of 29 ft. The 

‘ eurrent for the motors is taken from the mains of a 
power com at 60,000 volts, which is transformed 
down to 2200 volts before use. 





* L.c., page 157. 


h had no doubt that the teachers generally were availing 


NOTES FROM THE UNITED STATES. 

PuHILapEe.Puia, May 17, 1916. 
THE past week has brought out quite a number of 
inquiries for munition material from various European 
countries ; an estimate as tothe volumeis impossible. The 
ressure for munitions, while urgent, is for relatively early 
deliveries ; there is nothing to indicate any weakening 
in prices. The d d is especially og for round- 
cornered billets for export; it is probable that nearl 
all the business seeking acceptance will be taken care of. 
The Pennsylvania Company has ordered from the 
Baldwin Company of Philadelphia 75 locomotives ; 
other locomotive orders this week number about 60. 
Railroad demand has largely subsided, as nearly all 
rail requirements for this and next year have been 
covered. For other than rails, such as plates and struc- 
tural steel, there is quite an active demand. ium 
prices prevail. In the pig-iron market activity is onl 
moderate, owing to recent excessive demands ; all indi- 
cations point to continued activity on the of buyers 
to the limits of capacity. The steel industry is in a 
sense settling down. The far-oversold mills are un- 
willing to extend engagements at present ; their policy 
may overcome through the insistence of urgent 
buyers, who may feel that it is necessary to know what 
the material will cost them to complete the contracts 
that they have recently taken or soon will be obliged to 
take. Steel merchant vessels now building or under 
contract number 368, of more than 1,000,000 tonnage. 
Every shipyard, it is unn to say, is working to 
capacity, with business booked far ahe Cargo vessels 
and bulk oil vessels constitute much of the work in hand. 
Two hundred and twenty vessels building are for salt 
water, 147 for lakes and rivers. The New York Subway 
has just put out an inquiry for an additional supply of 
20,000 tons of steel, making 35,000 tons now under 
inquiry. The Midvale Steel Company will buy 3500 
tons for a machine shop, and the Pennsylvania 2500 tons 
for bri Belgium wants material for 100 lift bridges 
calli or 25 tons each, to span canals; this is the 
second inquiry of that kind. The volume of general 
business is increasing at an enormous rate. 











Tue Cost or It~tness To InpDustrRyY.—As a result of 
unnecessary sickness and accidents, says the Iron Age, 
the 33,000,000 industrial workers in the United States 
lost about 284,000,000 working days each year, as a 
result of sickness alone, according to Dr. Donald B. 
Armstrong, Director of the Department of Social Welfare, 
of the New York Association for Improving the Condition 
of the Poor. He figures the financial loss, including 
wages, loss to industry and the medical cost, at nearly 
500,000,000 dols., and yet at least one half of the sickness, 
he says, was from strictly preventable causes. 

THe MERCANTILE YEAR-Boox.—We have received a 
copy of the “‘ Mercantile Year-Book and Directory of 
Exporters” for the current year. It is edited by Mr. 
Walter Lindley-Jones, F.R.G.S., and is issued at the 

rice of 10s. by Messrs. Lindley-Jones and Butler, 16, 

t. Helen’s Place, Bishopsgate, E.C. It gives the names 
and addresses of the exporters of London in street order ; 
the names of importers in the British colonies and foreign 
countries, with their representatives and buying agencies 
in Europe; a directory of the classes of goods shipped 
from London, with the names of the i rs; the 
merchant exporters of London, with their ofl resses and 
the markets with which they deal. Similar information 
is given in regard to British provincial towns and Conti- 
nental towns. The feature of the present edition is 
the inclusien of a black-list of enemy firms abroad ; a 
list of traders in China and Siam with whom trade is 

rmissible ; a list of Belgian firms temporarily estab- 
ished in this country, and lists of Italian and Swiss 
exporters. 





EpvucaTIoN ON Navat History AND THE COMMAND 
or THE Sea.—The President of the Board of Education 
received recently a deputation from the Navy League, 
which waited on him to urge the profound importance of 
making the teaching of general principles of Sea Power 
and the main outlines of Naval History an essential part 
of National Education. In replying to the nta- 
tions of the members of the deputation, Mr. Solon: 
expressed his cordial sympathy with the general objects 
of the League, and said t the Board were impressed 
with the importance of the subject which the deputation 
had come to advocate. He explained that the se - 
tion of functions between the Board and the Local 
Education Authorities made it inevitable that the 
immediate responsibility for the details of curriculum 
and methods of teaching should fall upon the Local 


Authority, the Board exercising control principally b 
i tion. He indicated regen Bi 


tion and su e 

difficulty of extending the curriculum, jially at the 
present time when so many thousands of teachers had 
joined the Forces. The school life of children was much 
shorter than he would like to see it, and so much time was 
necessarily spent on giving them a thorough mastery of 
the elementary subjects as to leave com: tively httle 
opportunity for more advanced topics. He emphasised, 
however, the fact that in the vast majority of schools 
instruction in the Naval History of the country and in the 
growth of the Empire was already being given, much of it 
in the way which appealed most. strongly to children, 
by lessons on the lives of great naval commanders. He 


themselves of the 


unities gi them by the war 
to stre; the chiidren’s undscstending 


of the work of the Navy as the principal defence of our 
liberty and prosperity, and he promised to give eareful 
quuliention ony panstions i 





a a 


to 
League might care to lay before 





NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
South Yorkshire Coal Trade—The market has not 
aanegoes any pronounced change during the week, 
though there have been slight variations in the different 
sections of the trade. House coal is now in much im- 
roved demand, evidently as the result of an effort to 
vy in stocks. Collieries and agents are rather pleased 
at the change in view of the fact that it will tend to keep 
this class of customers from adding to their difficulties 
in the approaching busy season. ices are nominally 
unchanged, being officially returned at the maximum. 
Inquiries for gas fuel are on the usual large scale, and con- 
siderable tonnage is going away to inland works for 
contract orders. Manufactories readily absorb all the 
available supplies of their brands of coal. The fine 
weather has given pits the opportunity to produce the 
maximum output, and many contract arrears have been 
overtaken. Steam hards are still a difficult market. 
Swedish steel-makers persist in their inquiries for South 
Yorkshire hard coal for their furnaces, and good figures 
are quoted. Chiefly owing to the export restrictions, 
little tonnage is being secured. Practically the whole 
of the export trade is conserved for the requirements of 
French, Russian, and Italian consumers. Recent 
statistics show that a greater quantity is going away 
weekly to the allied countries and, further, that the 
representations on the question of the excessive quota- 
tions have not been without some effect. The prices 
are still well ahead of those for the home trade, but not 
so extravagant as obtained during the earlier part of 
last month. Very little fuel of any description is to be 
had on the open market. Coke is being used on an 
increased scale, and good prices are forthcoming. Quota- 
tions :—Best branch hand-picked, 20s. 6d. to 21s. 6d. ; 
Barnsley best Silkstones, 17s. 6d. to 18s. 6d.; Derby- 
shire best brights, 17s. 6d. to 18s. 6d.; Derbyshire 
house coal, 16s. to 17s.; best large nuts, 15s. . to 
16s. 6d.; small nuts, 15s. to 16s.; Yorkshire hards, 
16s. 6d. to 17s. 6d.; Derbyshire hards, 16s. to lL7s. ; 
best slacks, 12s. to 13s.; seconds, 10s. 6d. to lls. 6d. - 
smalls, 8s. to 9s. 


Iron and Steel.—The steel output is increasing apace 
with the advent of the new facilities for production, and 
munition works are still absorbing the greater part of it. 
The British billet problem is the chief topic at the mo- 
ment, and consumers are troubled more with the question 
of supply than with the one of price. Bessemer acids are 
marked at 131. 10s. to 14/., and Siemens 15/. to 161. For 
new basic hard 11/. 2s. 6d. is being paid, and for basic 
soft 10/. 7s. 6d. South Yorkshire ‘‘ Crown” bars are at 
the maximum figure of 13/. 15s. net. The labour prob- 
lem is causing delay, and irregular working at the rolling 
mills and forges, and this, coupled with the increased 
cost of fuel, is having an adverse effect upon production. 
The pig-iron makers have also suffered by the withdrawal 
of labour for army purposes, but in view of the representa- 
tions made by the trade, the military authorities are 
releasing numbers of men to enable them to return to 
the furnaces and the foundries. The common iron 
maximum prices may undergo some change in the near 
future, for the existing tariff only holds good until the 
end of the current month. An advance in price is almost 
inevitable, especially as here too the fuel problem is 
not without considerable adverse influence. In view 
of the enormous amount of steel-melting scrap, turnings 
and borings dealt with in the Sheffield district week by 
week, the announcement that the Government may 
formulate a scheme regulating prices has aroused a good 
deal of interest. Merchants are chary about expressing 
opinions on the subject, for they do not yet seem to have 
been consulted in the matter. Some hold that the 
intricate nature of the trade and the multiplicity of 
dealers do not permit of the application of the proposed 
alteration. The tool trade enjoys a busy period, but 
the shortage of hand tools of every description remains 
secnnninel Files.are very scarce. Six months’ orders 
are on the books of some large firms, and the demand is 
increasing, with little prospect of an immediate accelera- 
tion of output. The home market is served first, and this 
position has led to inconvenience on the part of neutral 
would-be customers. Engineers’ tools, pliers, nippers, 
spanners, turnscrews, hammers, &c., are being freely 
asked for. The Government requirements total an 
enormous figure, War Office and Admiralty orders 
being very large. Sheffield metal-spinners are making 
excellent progress in turning out the newest part of the 
soldier’ s ——— the steel helmet, and huge quan- 
tities have been delivered. Several important municipal 
tramway undertakings have placed large contracts here 
for tramway points and crossings, special junction 
work, &c. is branch of manufacture is classed ‘“‘ Al” 
war work at the Munitions Ministry by reason of the 
important functions tramways discharge in conveying 
the workers from distances to work and back. The 
attention given by the Government departments to the 
position of Sheffield export trade has resulted in relaxing 
certain export regulations which had operated rather 
harshly, and the latest fi furfiished by the Cutlers 
Company reveal that bona-fide manufacturers are reaping 
a good harvest in this direction. Good markets for 
Sheffield materials and manufactures are found in the 
Colonies, United States, and South America, The 
latest overseas orders are for steel, files, saws, and 
cutlery. 





Heavy Ratts FoR THE PENNSYLVANIA RaILROAD.— 
The Pennsylvania Railroad have ordered 120,000 tons 
of a rail weighing 130 Ib. per yard for use on their lines 
east of Pittsb’ The rail is 6§ in. high, 5} in. wide 





at the base, whilst the top table is 3 in’ wide by 2 in. 
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NOTES FROM THE NORTH. 
Griascow, Wednesday. 

Glasgow Pig-Iron Market,—-The first change for a num- 
ber of days took place in the pig-iron warrant market on 
Wednesday, when buyers advanced their quotations to 
92s. 6d. per ton, but again without any effect on the 

rt of sellers. Conditions remained unchanged on 
but on Friday buyers’ quotations were 
advanced to 95s. per ton, but still no business was done. 
On Monday buyers and sellers alike were absent, a state 
of affairs which continued yesterday (Tuesday) also. The 
market is now closed for the present. 


Scotch Steel Trade.—Without doubt the steel trade in 
the West of Scotland continues to flourish amazingly, 
and practically nothing could exceed the amount of 
business which is being put through. The extreme 
pressure for all classes of steel for Government 
certainly constitutes a series of records, and at the moment 
the demand for the delivery of shell bars and light sheets 
is taxing the energies of makers to the utmost extent. 
There is also a very fair demand for light sections, 
required directly or indirectly for the prosecution of the 
war. It is satisfactory to note that quite a visible 
improvement has taken place in connection with 
whee y mercantile business for home delivery, and 
that there is no falling-off in the export trade, shipments 
to France being well to the fore, despite the stringent 
restrictive ruling which was expec to have a very 
serious effect on the oversea trade. Government 
demands, however, continue to be particularly heavy, 
with the result that steelmakers are —_ all in their 
power to increase the output. With it all it means a 
decided scarcity of steel available for general purposes, 
and so far as can cud cag in the meantime there is little 

rospect of any change taking place until after peace 
Ce been declared. Prices are poe on the upward 
grade, and ship-plates are now quoted 14/. per ton or 
thereabouts ; boiler-plates, 141. 5s.; and angles, 14i., 
these figures being for export business, with home rates 
as per arrangement fixed by Government. 


Malleable-Iron Trade.—There is a very gratifying and 
panes demand for malleable iron, local makers 
nding their order-books full and their deliveries behind- 
hand rather than otherwise, owing to the great strain 
made upon their output by Government. So great 
is this in fact that the light mills are having to yield 
their entire production to meet Government’s clamant 
requirements, leaving little else than the heavier sections 
at the disposal of ordinary mercantile consumers, in 
consequence of which new business is quite off in the 
meantime. In this way the export trade is suffering 
also. Prices, however, keep firm, and ‘“ Crown’’ bars 
are still quoted about 14/. or 141. 2s. 6d. net for approved 
specifications. 


Scotch Pig-Iron Trade.—It would almost seem as if 
the continued standstill in the Glasgow pig-iron warrant 
market were but the beginning of the end, so far as 
speculation is concerned. Otherwise the greatest activity 
prevails, and every ton produced by the makers finds 
a ready market; indeed, they have a decided difficulty 
in maintaining the output to the required level. Stocks, 
therefore, are gradually coming down. The extra- 
ordinary home demand for hematite and foundry 
qualities is preventing much export, although licences 
are. being granted with much Beodent for shipments 
of pig-iron to France, Italy, and some of our own 
Colonies, all, of course, either directly or indirectly on 
Government account. No change of price has been 
reported over the week, and makers (No. 1) iron is still 
quoted as follows :—Clyde, Calder, Summerlee, and 
Langloan, 130s. per ton; Gartsherrie, 131s. 6d. (all 
shipped at Glasgow); Eglinton, 126s. 6d., Glengarnock, 
130s. (both at Ardrossan); Dalmellington, 126s. 6d. 
(at Ayr); Shotts and Carron, 130s. (both at Leith). 


Glasgow Fair Holidays.—In view of the gestion 
fo forward by the Minister of Munitions regarding the 

olidays of those engaged on Government work, there is 
every prospect that the annual Fair Holidays, occurri 
in the middle of July—and which dominate the industrial 
operations of the West of Scotland—may most probably 
be postponed until some weeks later. eantime, 
however, no definite decision has been arrived at, 
although the prospect is being discussed with consider- 
able anxiety. 

Scotch Shipbuilding in May.—Some little improvement 
took place during the month, which, although it does 
not prove much, is, to a degree, satisfactory. Even yet, 
however, no evidence is shown regarding the arrange- 
ments suggested by Government to consider the building 
of merchant vessels as “war work,’ and certainly 
during May no such contracts have been placed. The 
aggregate tonnage for the month—24,614 tons for 10 
vessels—causes May to rank as one of the best months 
for the year as far as it goes, and compares favourably 
with May, 1915, but it is still much below the average. 
The following table shows the production of the four 
chief rivers :— 


Clyde. Forth. Tay. 
Vessels, Tons. Vessels. Tons. Vessels, Tons. 
6 21,970 2 2224 _ _ 


Of the Clyde tonnage, three of the six vessels were 
cargo steamers launched from one Port Glasgow yard. 


Dee. 
Vessels. Tons. 
2 420 





Trape Durinc anp AFTER THE War.—We have 
received from the London Chamber of Commerce a 
copy of the Second presented to the Council 
of the Chamber by the Special Committee on Trade 
During and After the War, and which was adopted by 
the Council at a special meeting held on the 25th ult. 


ng |for deliveries. The co 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLEsBROUGH, Wednesday. 
The Maximum Price of Cleveland Pig.—The principal 
topic of conversation this week is the coming advance 
of the maximum price of Cleveland pig-iron for home 
consumption. The announcement is made that after 
the end of next month the maximum for. No. 3 will be 
raised from 82s. 6d. to 87s. 6d. Though, as yet, there 
is no official statement to this effect, traders regard the 
movement as assured, and the announcement has caused 
no surprise. Makers complain that with present cost of 
production the existing maximum is unremunerative, 
and declare that they have quite expected an advanced 
maximum price to be fixed. 


. The Output of Pig-Iron.—With the scarcity of pig-iron 
becoming more pronounced, and as a consequence 
restrictions on export more severe so as to meet home 
requirements better, the Government is exerting much 
pressure on makers to increase the output. For this 
purpose the Government offer to provide men and ma- 
terial, and as a result steps are being taken to blow in 
more furnaces. An additional furnace is to be started 
on basic iron, one or two are to be relighted ‘for 
roduction of hematite, and it is hoped that the manu- 
acture of Cleveland pig will also be increased. 
number of blast-furnaces at present in operation on the 
North-East Coast stands at bo, of which 28 are running 
on Cleveland Pig, 30 are turning out hematite, and 11 are 
making special kinds of iron. 

Stocks of Pig-Iron.—The stock of Cleveland pig-iron 
in the public warrant stores now stands at 33,073 tons, 
of which 31,547 tons are No. 3 quality and 1526 tons 
other qualities of iron deliverable as standard. Since 
the beginning of May the stock has been reduced by 
7332 tons, 6398 tons of No. 3 and 934 tons of standard 
iron having been withdrawn. 


The Cleveland Iron Trade.—There is little passing in 
Cleveland pig. Buyers are keen, but they experience 
the greatest difficulty in placing orders. It is useless 
to attempt to do foreign business, and the export quota- 
tion of 100s. for No. 3 Cleveland pig is purely nominal. 
For home consumption No. 3 is selling at 82s. 6d., and 
that price also rules for No. 4 foundry and No. 4 forge. 


Hematite Iron.—East Coast hematite pig is practically 
unpurchaseable. Not only have makers no iron to dis- 
pose of for early delivery, but they have sold their output 
a month or two ahead, and the promised increased pro- 
duction is eagerly awaited. There are no stocks of 
hematite. J.icences for export to neutral countries are 
quite unobtainable, and even permits to our Allies are 
very sparingly granted. Distributions to home con- 
sumers are allotted with care by the committee appointed 
for that purpose. The export price of Nos. 1, 2 and 3 
is nominally 140s. and upward. For home use the price 
of mixed numbers keeps at 122s. 6d. 


Coke.—Demand for coke for local use is good and 
promises to improve. Supply is anything but plentiful. 
Average blast-furnace kinds keep at 28s. at the ovens, 
and up to 30s. 6d. at the ovens is named for qualities 
low in phosphorus. 

Foreign Ore.—As foreign ore the attitude of 
mineowners abroad is such as to justify anticipation 
of further advance in prices. Rubio of 50 per cent. 

uality is fully 18s. f.o.b. at port of despatch, and in 
the ordi way in the o market the freight 
Bilbao-Mi brough is 18s. Oh snthing theenchip Tees 
rice 36s. 6d.; but consumers manufacturi iron for 
ome use are privileged to arrange, through the Govern- 
ment, freights from Bilbao at 17s., making the ex-ship 
Tees price of hest Rubio 35s.. Excellent supplies of 
foreign ore are coming steadily to hand. Imports to the 
Tees for May amount to 195,178 tons. 


Manufactured Iron and Steel—War work continues 
to monopolise the attention of manufacturers of finished 
iron and steel, and the Government is still pressing 
uence is that the rather 
numerous private inquiries in the market attract little 
notice. Quotations, all round, are strong. Common 
iron bars are 13/. 15s.; best bars, 141. 2s. 6d.; best 
best bars, 14/. 10s. ; pats iron ( lel), 102. ; pack- 
ing iron (tapered), 11/. 10s. ; iron ship-plates, 11/.. 10s. ; 
iron ship-angles, 13/. 15s. ; iron ship-rivets (} diameter), 
161. 10s.; iron ship-rivets (§ diameter), 17/. 10s.; steel 
bars (no test), 14/. 10s.; steel ship-plates, 11/. 10s. ; 
steel ship-angles, 111. 2s. 6d.; steel ship-rivets (} dia- 
meter), 171. 10s. ; steel ship-rivets (} diameter), 187. 10s. ; 
steel sheets ( les), 182. 10s.; steel sheets (doubles), 
181. 15s. a joists 11. 10s.; and heavy steel rails, 
101. 17s. 6d. 


Manufactured Ironworkers’ Wages.—The ave net 
selling price of iron rails, plates, bars, and angles for 
the two months ended 30 April last has just been 
certified at 11. 9s. 5.57d. by the accountants to the 
Board of Arbitration for the Manufactured Iron and 
Steel Traders of the North of England, as compared 
ae eee —_— pF = two months. and 
in ance wi' iding its wages 
for the months of June and dy A are clvenbel by 9d. 
per ton on puddling work and by 7} per cent. on all 
other forge and mill work. 


Shipments of Iron and Steel.—Shipmenta of iron and 
steel from the Tees during May reached 108,818 tons, 
67,880 tons bei ig-iron, 4564 tons manufactured iron, 
and 36,374 tons Of the pig despatched 64,808 tons 
went abroad, and 3072 tons coastwise; of the manu- 
factured iron 1265 tons went foreign and 3299 tons 
coastwise ; and of the steel cleared 35,917 tons went 
abroad and 457 tons coastwise. France was again the 
largest customer for both pig iron and steel, receiving 


44,067 tons of the former and 25,407 tons of the latter. 
Other principal pig-iron importers were Spain, 4970 
tons ; p meng 4163 tons ; America, 3959 tone ; and Ftaly, 
375] tons ; whilst other chief customers for steel were :— 
Japan, 5132 tons and India, 1192 tons. The heaviest 
im: of manufactured iron were India, 289 tons ; 
the Straits, 214 tons; and Japan, 204 tons. 





NOTES FROM THE SOUTH-WEST. 

Cardiff—tIn consequence mainly of the uncertainties 
at i the proposed limitation of coal prices to 
France, business in steam coal has been restricted within 
narrower limits, both buyers and sellers withholding their 
hands for the time being. The shortage of coal remains, 
however, as decided as 7 SS there pes | been no 

i ition on the of coalowners to uce prices 
peg tre not confined within the limitation area. It is 
anticipated that prices outside the limits of the official 
scheme are more to advance than to show weakness, 
The best Admiralty steam coal has been, to some 
extent, nominal; secondary qualities have made 654s. 

Monmouw i 


smalls, 35s. to 37s. 6d.; No. 2 
to 49s.; and No. 2 smalls, 25s. 
latest quotation for patent fuel has 
ton. Special fo coke, for export, 
at 62s. to 65s., foundry coke 
and furnace coke at 50s. to 55s. per ton. 


Welsh Coal for France.—Welsh colliery-owners have 
shown more disposition to support the coal-price limi- 
tation policy of the Government in the case of France ; 
and at the same time they have urged that the limitation 
prices must be fixed at a considerably higher level in 
view of the heavy increase in working costs. The 
colliery proprietors have appointed a committee with 
full powers to deal with the subject. The committee will 
meet representatives of other coal-owners’ associations in 
London; they will also have an interview with Mr. 
Runciman. y suggest a limitation of 10s. per ton 
above pre-war quotations and they ask for reciprocal 
arrangements with France for rages Bee r pit-wood. 
The new prices between the English and 
Governments are considerably above those first put for- 
ward by Mr. Runciman; but they are still much 
below current market quotations. A feature of the 
proposed scheme is that all orders for coal from France 
will pass through a central office in Paris, which will 
forward them to local committees in the various coal 
districts of the United Kingdom ; the local committees 
will distribute the orders and nny for the shipp 
required. Cardiff prices to France have been limi 
as follow: Large steam coal, 30s. per ton net; colliery 
smalls, 20s. per ton net; washed nuts, 30s. per ton net; 
washed beans, 28s. per ton net ; and washed peas, 27s. 6d. 

r ton net. Swansea prices for anthracite have been 
imited thus: Large, 30s. per ton net; small, 20s. per 
ton net. 


Western Trade Matters.—The directors of the Tredegar 
Iron and Coal Company, Limited, recommend a dividend 
and bonus of 15 per cent. upon the A and B shares in the 
com for the past year, free of income tax. The 
dividen for the last five years have been as follow : 
1912, 6 per cent. ; 1913, 10 per cent. ; 1914, 124 per cent.; 
1915, 12} per cent.; and 1916, 15 per cent.—The 
Rhymney Iron Company, Limited, gives its —-_ 

roprietors a dividend of 5 per cent. for 1915, 10,118/. 
carried to the credit of 1916-17. The distributions 
for the five years ending with 1916 inclusive have been 
as follow: 1912, nil; 1913, 4 per cent.; 1914, 5 per 
cent.; 1915, nil; and 1916, 5 percent. The 5 per cent. 
involves a distribution of 30,0001. The company’s 
output of coal for the past year was 6,021,482 tons; the 
falling-off of 82,212 tons was due to the further loss of 
labour occasioned by the war. There was also a decrease 
of 6662 tons last year in the production of coke; this 
was principally owing to the re-building of the ovens. 
wny, berg last four months coal prices have ruled very 
nigh, “bat, owing to the heavy requirements of the 
Admiralty, to which all other contracts have had to be 
postponed, very little coal has been available for sale at 
the advantageous rates which have prevailed.—Mr. F. C. 
Gould, director SS 
Shipping Com: , Limited, reports a trading profit for 
the 1 euiaine gnded March 31 of 30,4491. ; the 
dividend for 1915 is at the rate of 25 per cent., 16,0491. 
a forward. It has been decided to increase 
the capital of the company from 50,000I. to 120,0001. 
—The Hazelwood Shipping Company proposes to divide 
at the rate of 20 per cent. for the year; the 
freights of the 12 months amounted to 101,7691., and the 

its were ow be Ng pe of 20 pie see. per 
annum proposed to be paid for 1916 compares wi 5 per 
cent. per annum distributed for 1914 and 1915; 17} per 
. i ol an 2S 124 cent. per 
annum lor 1912.— ip Company, 
vieted hae taken over the ships of the Canadian 
Northern Steamships, Limited, and is up the 
connection which the Royal Line had dev between 
Bristol and Canada, the Canadian Northern Railway 
Company operating. 





CanapDIAN SurIPsur_piIne.—A start in shipbuilding has 
been made at Quebec by the construction of several 
Tenge train 
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NOTICES OF MEETINGS. 


Tak Norra or ENGLanp INsrirure or MininG and MEcHA- 
NICAL ENGINEERS.—Saturday, June 3, in the Wood Memorial 


Hall, Newcastle-upon-Tyne, at 2p.m. The followin pers 
will be open for discussion ;—‘ Modern American Coa ining 
Methods, with Some Comparisons,” by Mr. Samuel Dean. “The 
Hirsch Portable Electric Lamp,” by Mr. Hiram H. Hirsch. 


“The Logic of Trams,” by Mr. John Gibson. ‘The Influence 
of Incombustible Substances on Coal-Dust Explosions,” by Mr. 
A. 8. Blatchford, M.Sc. The following paper will be read or 
taken as read: or Memoir of the Late George May,” by Mr. 
Charles L. Dobson. 

THe InsTITUTION oF Rariway SIGNAL En@incers (LNCOR- 
PORATED).—Tuesday, June 6, at 2.30 p.m,, at the Institution of 
Electrical Engineers, Victoria Embankment, London, when a 
paper on “Faults on ng and Telephone Circuits,” by 

r. G. Edmondson, Assoc, Member, will be read and discussed. 

THE RéyTGEN Socrery.—Tuesday, June 6, at 8.15 p.m., at the 
Institution of Electrical Engineers, Victoria Embankment, 
W.C. The annual report of the Council will be followed by a 
paper by Professor J. W. Nicholson, M.A,, D.Sc., on ** Homo- 

eneity of Visible Radiation,” and an exhibition of X-Ray and 

lectrotherapeutic Apparatus. Demonstrations and short de- 
scriptions of new apparatus will be given by the exhibitors. 

THE INsTITUTION oF Gas Eneineerrs.—Tuesday, June 6, the 
annual general meeting will be held at the Institution of Civil 
Engineers, Great George-street, Westminster. Morning: The 
chair will be taken at 10.30 a.m. Address by the Preside:.t. 
Presentation of the Council's annual report, 1915-16, and state- 
ment of accounts for the year ended December 31, 1915. 
Report of the Refractory Materials Research Committee to be 
presented by the Chairman, Dr. H. G. Colman. Third report 
of the Ventilation Research Committee, to be introduced by the 
Chairman, Professor Arthur Smithells, and presented by Pro- 
fessor John Cobb, Livesey Professor. Supplementary report on 
‘* Thermal Phenomena in Carbonisation,” by Professor Cobb and 
Mr. H. Hollings, Institution Gas Research Fellow, 1912-14. 
Afternoon: The chair will be taken at 3 p.m. Preliminary 
report of the Life of Gas-Meters Research Committee. Presen- 
tation of scrutineers’ report. Nomination for election as 
honorary members: The President of the Société Technique de 
Fipdustzte du Gaz en France, and Captain H. Riall Sankey, 

E. (ret.), M. Inst. C.E. 

THe INSTITUTION OF MINING ENGINEERS.— Thursday, June 8, 
at 10.45a.m., in the Rooms of the Geological Society, Bur- 
lington House, Piccadilly, London, W. 1. Professor F. W. 
Hardwick, M. A., will deliver a lecture, illustrated with lantern- 
slides, on “* The ‘History of the Safety ‘Lamp. " The lecture will 
be based on the pa 4 entitled ** Notes on the History of the 
wb a by . F. W. Hardwick, M.A., and Mr. L. T 


O'Shea, M.Sc., = Oma has been prepared for presentation at 
this meetin, The following papers will be read or taken as 
read :—2, “ Fine Health of Old Colliers,” by Mr. J. 8. Haldane, 
M.D., F.R.S, 3. “The + ee of Moisture in Coal,” by Mr. 


T. F. Winmill, B.A., . 4. “The <1. o— of Oxygen by 
Coal,” Parts VIII. and Tx. .. by Mr, T. F. Winmill, B.A., B.Sc., 
5. ‘The Oxidation of Pyrites,” Mr. T. F. Winmili, B.A., 
B.Se. The following papers, which have already ap; red in the 
Transactions, will be open for discussion :—(@) ‘‘Some Effects 
of Karth Movement on the Coal-Measures of the Sheffield District 
(South Yorkshire and the Neighbouring Parts of West York- 
shire, Derbyshire, and Notti ~—o! Part I., by Professor 
William George Fearnsides, M.A. (Cantab.), F.G.S. (6) “ Com- 
— Air for Coal-Cutters,” “by Mr. Sam Mavor. (c) “Gas- 

Producers at Collieries for Obtaining Power and By-Products 
from Unsaleable Fuel,” by Mr. Mansfeldt Henry Millis. 

THE OPTICAL SUCIETY. —Thursday, June 8, at 8 p.m., at the 
Rooms of the Chemical Society, re House, Piccadilly, 
W. The following paper will be read and discussed : —“‘ Modern 
Technical Applications of Radium and other Luminous Sub- 
stances ” (with experiments), by Mr. F. Harrison Glew, M.R.I 

THE Roya. INsTITUTION OF GREAT BRITAIN. —Friday, June 9, 
* 5. ae .m. A discourse will be delivered by Dr. Ernest Clarke, 

R.C.S., M.R.I., Ophthalmic Surgeon to the King George 
Hovpitei. &c. ‘The subject is ‘‘ Eyesight and the War.” After- 
noon lectures next week at 3o’clock. Tuesday, June 6. Mr. 
Thomas Martin Lowry, D.Sc., F.R.S., Lecturer on Chemistry, 
Guy’s Hospital Medical School, on ‘Optical Research and 
Ceemtens rogress” oy II.). On Thursday, June 8. Sir 

je, Mus. Doc., D.C.L., LL.D., Principal of 
the Royal Academy of Music, on “Chamber Music and its 
Revival in England” (Musical Illustrations) (Lecture III.). 
Saturday, June 10. Professor Sir James G. Frazer, D.C.L., 
LL.D., Litt., Professor of Social pecs: Liverpool, on 
net Folklore in the Old Testament ” (Lecture II. 
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NOTICE TO NON-SUBSCRIBERS. 


in view of the restrictions now imposed by the 
Government on the importation of paper, and of the 
consequent shortage of supplies, readers who wish 
to be sure of obtaining “ ENGINEERING” each week 
should place an order for the Journal with a news- 
agent or bookstall clerk. Owing to the scarcity of 
paper it will be impossible in future fully to previde 
fer a ) chance demand oer this Journal. 
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MUNITION WORKERS. 


AccorpINneG to the French proverb, it is the first 
step that costs, and each of us has proved the truth 
of this by painful experience. The first day at 
school the first appearance in a works, and the 
first speech have each left a mark on the memory 
which will never quite fade. Yet in every case 
there were circumstances tending to mitigate the 
hesitation and confusion which naturally arose. 
The schoolboy and the apprentice cannot be accused 
of presumption in entering a new sphere. Each 
acts under the influence—or possibly the com- 
pulsion—of his parents, and the society into which 
he intrudes knows quite well that he would rather 
keep out. One would imagine that this would 





secure him a kinder reception than he usually 





gets; it certainly disarms any personal spite and 
only leaves him exposed to the practical jokes 
which are played by schoolboys and apprentices 
in common with other savages. The budding 
orator generally gets kinder treatment, for many 
even of the practised speakers among his audience 
have never quite escaped from stage-fright, and 
so have a fellow-feeling for his timidity. In none 
of these cases is the strain of the new start so serious 
as it is when an outsider endeavours to obtain a 
berth as a munition worker by offering himself, or 
herself, at the works gates absolutely without 
knowledge or experience of mechanical matters. 
The reasons which bring the applicant forward may 
be very various. He may act at the call of patriot- 
ism, or from love of change, or from mere desire 
for gain, but in no case can he hide from himself 
that he is volunteering to do something of which he 
is perfectly ignorant, and to do it in the presence 
of experts who resent his presumption. Little 
more than a year ago his offer would have been 
received with derision, and he would have been 
told that a five years’ apprenticeship was a necessary 
preliminary. The changed conditions of to-day 
are evidence of the burden which has been laid 
on the manufacturing community of this country 
and under which many an antique theory has col- 
lapsed to the great surprise of those who had given 
unquestioning belief to it. The prospective muni- 
tion worker is no longer repulsed at the gate, but 
is rather welcomed by the firm, if not by the fore- 
man. A place is found for him, and what next 
befalls him is much a matter of chance. But 
whether he be put into hands which are sympathetic 
or antagonistic, for some little time he must cut 
a poor figure, due to the strangeness of his surround- 
ings and his ignorance of mechanical matters. 
Thousands have faced this ordeal and have come 
successfully through it, but thousands more, no 
doubt, have quailed before it, and have missed the 
opportunity of ‘‘ doing their bit” for the country. 

All this is well known to the Ministry of Muni- 
tions, and in spite of the enormous responsibilities 
with which it is burdened, it has for many months 
past been playing the part of guide, philosopher 
and friend to many of those who were anxious 
to assist in manufacture. The point which it has 
taken up has been the provision of opportunities 
for the acquisition of elementary mechanical 
knowledge and aptitude on behalf of candidates 
in order that they might make their early mistakes 
among less critical surroundings than are found in 
an established works. On leaving its hands the 
potential munition worker has, at least, a superficial 
acquaintance with tools and machines, and generally 
a fairly complete knowledge of one operation in 
shell manufacture. He, or she, knows the names 
and purposes of ordinary tools and machines, and 
can be trusted to handle them without damaging 
either himself or the machines. To some extent 
the mechanical instinct, which is latent in most 
people, has been aroused, and stands ready to be 
cultivated in the more stimulating atmosphere 
of the munition works. Access to the works is 
further facilitated. ‘Those who have passed through 
the training find themselves drafted into works 
where vacancies await them, and thus they are re- 
lieved from the embarrassing difficulty of applying 
at the gates for a position which they must acknow- 
ledge they cannot fill until they. have been trained. 
In a word, the “ cost”’ of the first step has been 
immensely cheapened, and the way of patriotic 
endeavour rendered easy to thousands of persons 
who would never have won through without such 
assistance. 

The Ministry of Munitions makes no pretence of 
turning out skilled mechanics. All that it aims at 
is to render candidates capable of doing one job 
sufficiently satisfactorily to make them acceptable 
in a works. In doing this it is only carrying further 
the principle of specialisation, which is the prominent 
feature in all modern manufacturing operations. 
Yor a long time the sphere of each man’s work has 
been steadily narrowing and the calls on his resource 
and originality dwindling until, under the Taylor 
system, the man became an automaton, who goes 
through a prescribed cycle in so many seconds 
and then begins afresh. The manufacture of 
munitions lends itself admirably to such a system, 
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for the orders often run into millions, and can be 
relied upon to be renewed again and again as long 
as the war lasts. It is not a difficult matter to 
learn to rough-turn the exterior of a shell to fit 
a gauge, or even to mill the thread in the nose, 
and something of this kind is all that is required 
of a munition worker. Indeed, it is most necessary 
that he should not imagine that he is a mechanic, 
for if he does he is pretty certain to afford a practical 
demonstration of the danger of a little knowledge. 

Naturally, the Ministry of Munitions could not 
undertake the training of thousands of workers 
itself, and had to appeal for assistance to bodies who 
had plant and teachers available. They found a 
ready response in many districts, and already 
several thousands of munition workers have been 
turned out. In the Metropolis the London County 
Council arranged facilities at the Brixton School of 
Building, at the Shoreditch Technical Institute, 
at the Poplar School of Engineering, at the East 
London College, and at the Goldsmiths’ College 
and elsewhere. In these institutions the instruc- 
tion comprises a general course in bench work and 
machine -tool practice, and special courses in 
lead - burning, tool - setting, and gauge - making. 
Taking the School of Building as an example, 
there were there in July, 1915, 30 lathes and 11 
drilling machine, besides other machine tools. 
With these a good deal of instruction in handi- 
craft could be given, bit very little of the 
specialised knowledge which is wanted in the 
munition worker. Other machines have since 
been obtained, including six capstan lathes, 12 
milling machines, of which some are fitted for pro- 
filing, two turret lathes, &c. A further delivery 
of special tools is expected soon, and then it will be 
possible to ensure that each pupil has attained some 
degree of proficiency in at least one operation in 
shell-making. 

Candidates for munition-making come from 
many walks of life, some of which seem very un- 
likely. A sweet girl graduate may be found 
working between a pert parlourmaid and a middle- 
aged matron, while a briefless barrister may rub 
shoulders with a butler and an out-of-work archi- 
tect. Their abilities are as various as their origins. 
Some have to be tactfully told that they had better 
seek some other sphere of usefulness. Some few 
give evidence that they should have been mechanics 
from the first. The more likely ones are sorted out 
to become tool-setters and gauge-makers. The 
former are in great demand, for the average munition 
worker is quite incapable of tool-setting, while the 
vast increase of capstan lathes, turret lathes, 
automatics and semi-automatics, has called for a 
great number of men capable of managing them. 
Of course, tool-setting is highly skilled work, and it 
is impossible to make a beginner into a capable 
mechanic of this kind within the few weeks that 
are available. But by carrying specialisation also 
into this department it is quite feasible to train a 
man to set the tools on one class of machine, doing 
one variety of operation, in a reasonable time; and 
that is what is being done with success, not only 
by the Ministry of Munitions, but also by private 
firms. We regret'to learn that in some cases union 
workers are placing obstacles in the way of the 
introduction of this class of labour. Such action 
if persisted in will have effects that will be felt 
most severely in the trenches by the friends and 
companions of those who are promoting it. If 
there were skilled men available for this work the 
matter would not call for notice. But there are 
not. The output of some munition factories is 
already suffering from want of tool-setters. The 
* machines are there, and the minders are there, but 
there are not sufficient tool-setters to keep them 
going at their best. The meas for training setters 
are being rapidly perfected, and nothing should be 
allowed to hinder a process that will do much to 
speed up the output of munitions. It should be 
enough to point out that every week the war is 
prolonged thousands of lives are sacrificed and 
thirty millions sterling of the capital of the country 
is destroyed, and that labour must necessarily bear 
its share of the loss in some way or other. 

We have not yet come to the end of the process 
of dilution of labour, and still more workers are 
required. To these the Ministry of Munitions extends 


an invitation. It puts at their disposal premises, 
plant and teachers, free of cost, and after a short 
period of pupilage they should be qualified for fair 
wages, which may grow, under conditions of piece- 
work, into a remuneration that would be tempting to 
many a young professional man upon whose educa- 
tion and training hundreds of pounds have been 
spent. In the past the methods and plant may 
have been somewhat inefficient, and some of the 
pupils may have failed to realise the limitations 
of their knowledge; but every day sees improvement 
in these respects, while the net result is that thou- 
sands of workers are now adding to our resources 
who would have stayed at home ifthe Ministry of 
Munitions had not taken them by the hand and 
encouraged them to take the first step. 





THE IRON AND MANGANESE ORE 
DEPOSITS OF BRAZIL. 

GERMANY, as has several times been pointed out, 
is keeping a very watchful eye on South America, 
including Brazil. Some two years ago, as stated 
by the Frankfurter Zeitung, a group of German 
financiers started a project for the acquisition of 
manganese and iron-ore deposits in Brazil with 
the intention of exporting the ore to Germany. 
This scheme, however, was frustrated by the 
Brazilian Government, which wanted to interest 
foreign capitalists in the exploitation of the mines 
and the ore within the country, so as to further 
Brazilian industry. The crisis, which the great 
war caused within the country, showed that this 
industry was anything but vigorous. It may 
therefore be surmised that the present Brazilian 
Government will view the question of export of 
|iron ore more favourably than their predecessors. 
| Actual prohibition against the export of iron ore 

does not exist. Both in the State of Bahia and in 
Minas Geraes ore is broken and the production 
mostly exported to Europe, to the west coast of 
England. During the year 1914, according to 
| Brazilian statistics, 245,816 tons of high quality 
| manganese ore were exported, representing in 
value 2,950,000 milreis (147,500/. now). The 
| Companhia Manganez da Bahia exploits the man- 
|ganese ore deposits situated within the district 
of Santo Antonio de Jesus and transports the ore 
by means of a narrow-gauge railway to the port of 
Nazareth, from whence it is shipped by sailing vessels 
to the large trans-oceanic steamers. The ore 
contains on an average 45 per cent. of manganese, 
0.0016 per cent. phosphorus, 3-6 per cent. silicon, 
3-4 per cent. iron and 2-3 per cent. moisture. 
The export duty is 11s. 6d. per ton, the freight to 
an English port averages some 10s. 6d. in normal 
times. : 

The existence of numerous other deposits of man- 
ganese and iron ore near the rivers or along the 
central railway has already been ascertained, 
but their exploitation has been hindered by the 
absence of a home iron industry and by the difficul- 
ties the State, so far, has put in the way of the export. 
There are in Brazil only two small blast-furnaces, 
worked with charcoal. The devel»pment of larger 
iron works has been impeded by the absence of 
suitable coal for blast furnaces within the country ; 
lime of excellent quality is available in the immediate 
neighbourhood of the different ore deposits. The 
Brazilian iron industry will in any case for years be 
but a small consumer, and the State must therefore 
look for buyers of the surplus ore abroad. 

An arrangement between the Brazilian interests, 
bent upon the establishment of an iron industry 
within the country, and German financiers desirous 
of importing Brazilian ore into Germany, might, 
however, be brought about if the latter agreed to 
reduce a part of the ore in Brazil. The ore 
deposits so far opened are partly held by the State 
and partly by private coneerns. The Brazilian 
Government holds out prospects of import into the 
country, free of duty, of coal and the necessary 
plant, tariff protection for the production, State 
contracts, favourable freights and some other 
facilities. Of late years Germany has annually 
imported an average of about 250,000 tons of 
manganese ore, and her foreign requirements of this 
commodity have principally been supplied from 
Greece, Spain, Russia, Asia Minor and India. An 
increased import from Brazil, from whence small 











quantities are already being obtained, would have 
a favourable effect upon the price level of the 
manganese market. The valuable Brazilian hema- 
tite and magnetite, free from titanium and sulphur, 
can be placed at a reasonable price on the European 
market. The actual cost of production is very small, 
as the ore generally can be worked from the surface, 
and hand labour in the dis‘ricts in question is 
cheap, about 2s. 8d. per day. The freights would 
probably be about the same to Rotterdam as to 
England. From Rotterdam to the Rhine—Ruhrort 
harbours there will be an additional 1s. or 1s. 6d. 
to pay. For the Bessemer and Siemens—Martin 
process there is probably no more appropriate 
material. As regard price, much hangs upon the 
manner in which the Brazilian State will facilitate 
the export. The Brazilian United States look upon 
export duties as their principal source of revenue. 
Owing to over-production the two main articles, 
coffee and rubber, have fallen considerably in price, 
and Brazilian industry is suffering severely in 
sympathy with this. The Government has realised 
that the country no longer can depend only upon 
two articles of production. There is, consequently, 
every reason to believe that Brazil will foster 
attempts intended to create a flourishing mining 
industry. 





SOUND PROPAGATION AND ZONES OF 
SILENCE. 

On quiet evenings weak sounds are often carried 
to surprising distances. On the other hand, sailors 
not infrequently fail to pick up the sound of a fog- 
horn, which then suddenly bursts upon them, 
though they had been straining their hearing to 
catch the signal. Curious observations have been 
made as regards the distances to which the roar of 
explosions and of volcanic eruptions have been 
carried. In the case of a dynamite explosion 
occurring in 1903, at Forde, near Bochum, in West- 
phalia, the crash was heard close by and in an 
irregular area to the east, 100 km. and more distant, 
but hardly in other directions or in the intervening 
belt. When dynamite exploded on the Jungfrau 
Railway at Eigerwand in 1908, there were again 
two irregular areas in which the explosion was 
heard—one near the spot, the other far out. Here 
the mountains may have had a decided influence 
in reflecting the sound waves; but in the Asama 
eruption of 1914, in Japan, two zones of sound, one 
east, the other west of the volcano, were separated 
by a belt of silence nearly 100 km. in width. In 
most of these and similar cases no preparations 
could be made for observation, and the evidence is 
of doubtfui value. 

During the siege of Antwerp, in the beginning of 
October, 1914, Dr. van Everdingen, director of the 
Netherlands Meteorological Observatory at Utrecht, 
was informed that the guns were heard at some 
places, but not heard at intervening spots, and he 
asked the meteorological observers at the various 
stations of the kingdom to pay attention to these 
phenomena. The result was that in the days 
October 7 to 9 and later, after the fall of Antwerp, 
during the battles near Ypres and off the Belgian 
coast, a great many observations were collected 
at distances up to 200 and 300 km. from the engage- 
ments. The reports, which Dr. van Everdingen 
discussed in the Proceedings of the Amsterdam 
Academy and also in the Revue Générale des Sciences 
of April 30, 1916, were not in the best agreement, of 
course. But it seems to be established that there 
was, apart from local zones of silence, on various 
days a zone of relative or complete silence inside 
the radius of 160 km.; this zone of silence had a 
width of about 50km.; beyond the distance of 
160 km. the sound became weakly audible again, 
decreasing in intensity with increasing distance. 
At some of the stations far out the sound did not 
appear to come from the south-west, the true 
direction. 

Attempts have at various times been made to 
account for the phenomena on meteorological lines, 
somewhat after the manner of the mirage problem. 
As a rule the temperature of the air falls as we 
ascend from the earth; the velocity of sound 
therefore decreases upward, and a ray of sound, s0 
to speak, which was nearly horizontal to start 
with, would curve more and more upward by re- 
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fraction; this refraction of sound waves is greater 
than with light waves. On the other hand, there 
is, in the case of sound, no total reflection, which 
plays so important a part in mirage. When 
the air becomes first warmer in the lower strata, 
the velocity of sound increases, and rays of sound 
are curved downward. The wind, especially if 
across the line of sound propagation, makes little 
difference. But the wind is of importance in 
another respect. The wind frequently becomes 
stronger in the upper strata, and, moreover, changes 
gradually in direction. The upper atmosphere 
absorbs much less of the energy of the sound waves 
than the surface air. The general effect of an in- 
creased wind velocity in the upper atmosphere 
will be that of increased refraction—that is to say, 
the sound will travel to a greater distance in a curved 
path than in a straight direction; and if there be 
a change in the wind direction at a certain height, 
zones of silence will be created, especially if the air 
be violently disturbed and locally heated by ex- 
plosions or the hot gases from volcanoes. Ex- 
planations on these lines have been proposed by 
Mohn, Rayleigh, Fujiwara, and others. 

This explanation, though probably correct in 
most cases, does not well admit of quantitative 
treatment, and Dr. van Everdingen prefers, 
in his case, the “ physical” explanation of 
von dem Borne (Physikalische Zeitschrift,’ 1910, 
page 483) to the meteorological, because the 
meteorological conditions over Holland and the 
Continent on the days in question were unfavour- 
able to the former. According to the physical 
view the different gases in the atmosphere have each 
their own velocity of sound. There is hydrogen 
in the atmosphere; its percentage is very small 
on the surface (0.01 per cent.), but increases with 
height. Borne even suggests the figure of 98.6 per 
cent. at a height of 100 km. This, of course, is 
entirely hypothetical; in fact, the suggestion has 
partly been made to account for phenomena other- 
wise difficult to explain. As the height in- 
creases, the velocity of sound in the hydrogen-air 
mixture will increase, until finally the curve 
will turn towards the surface again, which it 
should strike at a distance of 114 km. from its 
source, according to Borne. Now Everdingen ob- 
served his recurrence of sound perception beyond 
a zone of silence at 160 km. The two figures, there. 
fore, do not agree; but the percentage of hydrogen 
in the surface air is at present assumed to be only 
0.00055 per cent. (G. Claude’s estimate), and accept- 
ing that percentage for his deductions, Ever- 
dingen finds his figure 160 km. confirmed. The 
weather conditions would influence this considera- 
tion very slightly ; for weather changes are con- 
fined to the 10 or 12 km. of the atmosphere next 
the earth, but do not extend beyond the so- 
called isothermal layer found at that altitude 
in our latitude, whilst the bend of the curve can 
hardly occur at an altitude of less than 100 km. 
It may be objected that the acoustic energy of waves 
coming from that height would be too feeble to 
affect the ear; but the ear is very sensitive, and 
as a matter of fact the sounds perceived were weak. 
The theory might be checked in one way. If the 
acoustic waves travel first up into the air and then 
down again, covering perhaps twice the direct 
distance from the source, they should be heard 
later than with straight-line propagation. In the 
case of the Asama eruption there was some evidence 
to that effect ; but the observations were uncertain. 
The question is not without importance, and experi- 
ments might be made during the war. Propagation 
of the sound waves through the earth, to which 
Dr. van Everdingen hardly alludes, would have to 
be considered ; in that respect a difference between 


naval bombardments and land bombardments should 
be observed. 





NOTES. 
Tae Strencru or Fiat Puarss. 

Ix a paper recently published in the Revue 
Générale des Sciences, M. Zack gives some formule 
for the stresses on flat rectangular plates uniformly 
loaded with p Ib. per sq. in. He states that if the 
plate be encastré the maximum stress occurs at 
the middle of the long sides, the stress at the centre 
of the plate being not half as great. If a Cenote a 





short side and 6 a long side of the plate, then if the 
ratio i is greater than one-third, the bending 


moment at the middle of the long side, 6, is equal to 
2 
— If, on the other hand, ; is less than one-third, 


then the bending moment at the middle of a long 
2 
side is equal to ka”, where the value of ke is as 


follows :— 


25 2 18 16 14 #12 2LI 


= 
Value of ka is 0.99 0.96 0.94 0.91 0.86 0.79 0.64 


In the case of the short side, taking the plate 
encastré as before, the bending moment at the mid- 


b2 
point is equal to k "5. Where k, has the following 
values :— 


b 


25 2 18 16 14 13 «4JL! 


Value of kh 0.03 0.06 0.09 0.14 0.22 0.38 0.64 


At the corners of the plate the sign of the bending 
moment is reversed. 


Jerry-Burtpine 100 Ygars Aco. 


In a paper read before the Concrete Institute, Mr. 
W. G. Perkins observes that the popular idea that 
buildings in the “ good old times ” were solidly con. 
structed is erroneous. The majority of the buildings 
erected in London 100 to 200 years ago were, he 
states, constructed in the most inferior way. The 
mortar appears to have been compounded with a fat 
lime, dry slaked, mixed with the “ top spit”’ of the 
field. Naturally it has had no binding properties, 
and is now just so much dusty rubbish. The bricks, 
moreover, were badly shaped, and they were easily 
broken, so that in taking down old walls course 
after course of what appear to be headers are found 
to be merely “ bats.” The wall thus consists of 
a number of 4}-in. layers with no efficient inter- 
connection. These have separated and bulged, 
this condition being the state of many dangerous 
structures to-day. This bulging is, Mr. Perkins 
states, generally found in the basement storey, 
where the thickness of the wall is suddenly di- 
minished by a set-off from, say, 1 ft. 10} in. to 1 ft. 
8 in. In other cases a triangular patch of brick- 
work bursts from the walls. He has, moreover, 
observed a number of cases in which party walls 
50 ft. high and perhaps 200 years old have failed 
by crushing, though subject to little more than 
their own weight, the stress being certainly under 
3 tons per sq. ft. Brickwork of this inferior 
quality is, Mr. Perkins states, always stronger when 
exposed to damp, as the moisture enables the 
mortar to set to some extent. In other cases old 
walls have been found to consist of two skins of 
brickwork 4} in. thick, tied together by wooden 
laths at 18 - in. intervals, the space between being 
filled in with small pieces of brick and stone. Many 
variants of this procedure were frequent, it appears, 
in the building practice of our ancestors. 


Gratn-S1zE MEASUREMENTS IN METALS. 


According to the amorphous cement theory 
all metals and alloys in the solid state are mixtures 
of the crystalline and amorphous phases of the 
metal or components, and it is believed that the 
finer the grain the greater will be the proportion 
of the amorphous phase. The exact correlation 
between grain-size and physical properties is not 
clear. But the interpretation of the customary 
mechanical tests to which metals are submitted 
is likewise controversial, and grain-size measure- 
ments offer the advantage over other tests that 
they do not require elaborate preparation of the 
test specimen, and that they are made on the metal 
in the state in which it is to be used. That fine 
grain and high tensile strength and elastic limit 
go together is generally conceded. The subject 
was brought before the Faraday Society in a paper 
on “ Grain-Size Measurements in Metals and the 
Importance of such Information,” which Mr. Zay 
Jeffries, of Cleveland, Ohio, contributed to the 
discussion on “Solid Solutions and ing.”’* 
As a good example of increase of hardness with 








decreasing size of grain, Mr. Jeffries quoted some 
quite recent experiments of Fahrenwald, who pre- 
pared puré gold in four degrees of grain size, the 
extremely fine grain being secured by starting from 
colloidal gold ; the hardness ranged from 94.7 down 
to 23.8, in Brinell numbers. Grain-size measurements 
can be made, generally on a polished and etched 
section, in various ways; if the number of grains 


per square unit be n, there will be nt grains per 
eubic unit. The planimeter method projects an 
image of the polished section on to a piece of paper, 
counts the single grains, traces their boundaries 
and determines the total area, which may be quite 
irregular. In the intercept method a diameter 
is drawn across the circular field of view of the 
microscope, the grains cut by the line are counted, 
and the measurements are repeated on different 
diameters. Heyn’s method, to which Mr. Jeffries 
particularly referred, measures the intercepts in 
two diameters at right angles to one another. 
The comparison method (applied by Grard chiefly 
to annealed brasses) prepares a set of samples 
of known conditions and takes micrographs of 
them; phosphorus and carbon in iron can 
controlled by this very flexible method, with- 
out actual grain-size determination. Mr. Jeffries 
himself counts the number of grains within a circle 
which should be well within the field. Supposing 
the circle encloses 66 complete grains and cuts 
28 grains, which partly lie outside the circle; then 
he finds that 66 + 28 x 0.6 = 82.8 grains is a 
fair average. The factor 0.6 was the mean of a 
great many determinations made on circles enclosing 
from 20 up to 290 complete grains ; the factor actually 
varied from 0.54 to 0.62, and if the boundary grain 
estimate should be wrong by 5 per cent., the total 
grain number would be wrong by | per cent. only, 
whilst the intercept and Heyn methods gave much 
larger errors. He generally takes a circle of 
79.8 mm. diameter and gave, in his paper, a table, 
by the aid of which the number of grains per square 
thillimetre could be read off for magnifications 
from 25 to 2000 diameters. Measurements are 
made with a camera-microscope on screens (ground- 
glass or paper) or photographs, the circle being 
drawn on a piece of tissue paper, attached to 
the screen; the circle should not enclose less than 
50 grains. Some conclusions, it was said, could be 
drawn as to the cold work the metal has undergone, 
as stretching and compression would affect one 
direction in particular, Heyn’s method was re- 
commended for this comparison. But thermal 
expansion by annealing complicated this interpreta- 
tion, and grains and cells should be distinguished. 
Sir Robert Hadfield mentioned in this connection 
that he had counted, in a 0.58 carbon steel, the 
following number of grains per square inch: 5540 
as forged, 4500 annealed, and 330,000 water- 
quenched ; with very fine grains, however, the 
microscopic determination became almost impos- 
sible. 








Tue Institution oF HEATING AND VENTILATING 
ENGINEERS.—At a ‘ial council meeting held on the 
23rd ult. it was decided not to hold a summer meeting 
this year. 





Unrrep Srates Steet Corporation.—aAt the close of 
April the unexecuted orders of the United States Steel 
Corporation represented a record aggregate of 9,829,551 
tons. This is an increase of 498,550 tons as com 
with the unfilled orders at the close of March. At the 
close of April, 1915, the “ unfilled”’ total was 4,162,244 
tons; at the close of April, 1914, 4,277,068 tons; and 
at the close of April 1913, 4,978,762 tons. The monthly 


+totals of the unexecuted orders of the Corporation 


during the six months ended April 30 this year were as 
follow :—November, 1915, 7,899,899 tons; December, 
1915, 7,806,220 tons; January, 1916, 7,922,767 tons ; 
February, 1916, 8,568,966 tons; March, 1916, 9,331,091 
tons; and April, 1916, 9,829,551 tons. 





Tue Untrep States Arroptane Inpustry.—We 
read in the Jron Age that the remarkable growth of the 
aeroplane industry of the United States is indicated by 
the exports of 398 aeroplanes for 1915, against 40 in 
1914 and 19 in 1913. The value of the 1915 exports was 
2,960,814 dols., or an av of 7439 dols. per machine, 
against the 6337 dols. in 1914 and 3227 dols. in 1913. The 
exports of aeroplane parts were also very ©, amount- 
ing to 2,457,782 dols., as com with only 145,997 dols. 
in 1914 and 25,606 dols. in 1913. Imports of aeroplanes 
into the United States decreased from 16 and 13 in the 
fiscal years of 1912 and 1913 to only one each in the 
fiscal years of 1914 and 1915. 
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A Treatise on Safety Engineering as applied to Scaffolds. 
The Travellers’ Insurance Company, Hartford, Con- 
necticut. [Price 3 dols.] 


Tue writer of this book, who remains anonymous, 
but is apparently an expert connected with the 
Travellers’ Insurance Company, of Hartford, 
U.S.A., occupies himself solely with the arrange- 
ment and details of scaffolds and their accessories. 
The principles of scaffold construction as a whole, 
considered from an engineering point of view, are 
not discussed, and the theoretical rules of applied 
mechanics determining the strength and stability 
of such structures are also left on one side. The 
safety of the workman is the main topic, and a 
sufficient ; every safeguard that tends to reduce 
risk is cogently and properly insisted upon. Very 
sympathetic attention will be given to the many 
hints and suggestions that are made with the view of 
securing greater safety, for all builders are anxious 
to adopt precautions that will diminish casualties. 
Nothing is said of the legal enactments or of the 
employers’ liability in the States. This is important, 
and it would have been of interest to know to 
what extent the precautionary measures recom- 
mended are voluntary or compulsory. From the 
fact that statistics of accidents are imperfect, and 
are not methodically collected by a State Depart- 
ment ad hoc, we gather that inspection is lax, and 
that public opinion needs to be educated. From 
newspaper reports and similar sources, the author 
shows that on an average one accident happens per 
diem in the United States. Such an estimate must 
be a minimum, and but little reliance can be placed 
on such a compilation. The collection is more 
instructive as showing the character of the injuries, 
and the percentage that is attributable to defective 
construction. In 40 per cent. of the quoted in- 
stances men fell from a scaffold, while the structure 
remained undisturbed; and it is a fair inference 
that the majority of these casualties might have 
been prevented if due precautionary measures had 
been insisted upon in the general arrangement. In 
about 33 per cent. of the reported cases the injury 
proved fatal, and in the far greater number of 
accidents the injury was confined to a single work- 
man. These incomplete statistics are sufficient to 
show the need for closer inquiry, and justify the 
author in urging the adoption of improved safe- 
guards whose introduction would doubtless ulti- 
mately prove economical. 

The subject of scaffolding has been rather 
neglected in the standard treatises on building, 
but its importance is likely to come into greater 
prominence as the lofty buildings now being erected 
in the United States and elsewhere demand facilities 
that will expedite construction, afford safety 
at great heights, and prove economical in use. 
Pole scaffolding that becomes less efficient and 
more expensive with height does not fulfil these 
requirements. Lofty buildings crowded with 
occupants have many and evident disadvantages, 
but they are likely to come more and more in 
demand where land is valuable and the extent of 
accommodation restricted. In their favour it is 
urged that such structures offer the only means for 
facilitating ready intercourse among the officials of 
large corporations, and for securing an adequate 
return on the investment. On the other hand, 
there is no interest on the capital while these large 
structures are going up, and time is grudged for 
the erection of scaffolding, which must be sub- 
stantial and massive if it is not to collapse under 
its own weight. Mammoth erections of fifty-five 
stories, with towers approaching the 800-ft. level, 
have already made their appearance, and to ensure 
the requisite rapidity of erection new methods of 
building have been introduced. | One outcome of 
this policy for hustle has been the steel-framed 
building in which the weight of the walls is carried 
at each floor level by the steel frame. Such a form 
of construction has rendered possible the suspended 
scaffold now in general use wherever the building 
exceeds five stories in height and the steel framework 
is available. It is usual in such structures to carry 


the steelwork to a considerable height before brick- 
laying begins, the steelwork providing efficient 
support for a platform swung on steel cables from 





the highest level, and provided with suitable 
mechanism for altering the height of the platform 
as the work proceeds. Such a plan has several 
advantages besides economy; it permits of work 
being prosecuted at different heights simultaneously, 
one platform being, if necessary, vertically over 
another, protection from wind is more readily pro- 
vided, the system possesses great flexibility, is 
capable of ready adjustment to the height con- 
venient for the workmen, and steel cables take up 
less room than pole scaffolding. But the working 
of the platforms and the management of the me- 
chanical gearing become a little complicated, and the 
effective handling requires a different training from 
that of the ordinary mason, or scaffold-man. In- 
deed, the necessities of the trade have called into 
existence a special class of platform-scaffold builders, 
who lease out the necessary mechanism under the 
care of trained experts. 

The description of these platforms and of their 
working is the most distinctive feature in the 
book, and much of the information is welcome, 
clearly expressed, and the explanation assisted by 
appropriate illustration. But the details are 
carried to rather a wearisome extent, and, indeed, 
the whole book would have gained in force and 
interest by judicious condensation. Much is made 
of two different types of scaffolding in use, but 
there is no mechanical or generic difference between 
the two. In one case, called the “ overhead” 
form, the winding-drums and the attached cables 
are placed high overhead at the point where the 
suspension-ropes are secured to the steel frame 
of the building. In the alternative case, the drums 
are placed on the platform itself, and conse- 
quently move with it. The point to be kept in 
view is the possibility of altering the lengths of 
the suspension-ropes so as to fix the working 
platform in the most convenient position. The 
object of the book is to insist on the safeguarding 
of the workman, and this purpose may be obscured 
if minute details of construction are discussed. 
For this reason it seems a little injudicious to 
regard as separate structures requiring distinct 
treatment the ordinary bricklayer’s pole-scaffold, 
in which the wall itself is used for supporting the 
inner edge of the working platform, and the self- 
sustaining form of two parallel rows of poles. 
Similarly, the bracket scaffold is a special form of 
the “outrigger” pattern, and other examples of 
repetition might be quoted. However important 
it may be to insist on certain precautions in attach- 
ment in slightly different combinations, we should 
never be allowed to lose sight of the main purpose 
of the book—the necessity of a margin of safety. 
The employment of suitable materials ensuring 
strength and stability of the whole structure, the 
provision of guard-rails, foot-boards, protecting- 
screens for workpeople and the public are insisted 
upon urgently, and with such force as to suggest 
that in America personal safety is regarded as of 
small importance. 

A feature of interest for the English reader is the 
comparison of the practice pursued in the States 
with that followed in this country. The round 
form of pole usually employed here in a brick- 
layer’s scaffold is not approved. The uprights 
are usually shorter than with us, and are sawn 
to rectangular form, the better to admit of nailing. 
The use of the scaffold-rope is disco So 
little are ropes used that many scaffold-builders 
have forgotten how to tie a rope so as to make 
it effective. Regarded superficially, it would seem 
that considerable damage to the timber is likely 
to follow from the use of heavy nails, especially 
when the scaffold is dismantled, shortening the 
life of the poles. The increasing price of timber 
of a kind suitable might compel builders to take the 
lashed scaffold into favour again ; but, on the other 
hand, it is urged that the saving of time and labour 
by the use of nails is a sufficient compensation. 
When a scaffold is lashed with rope, the full time 
of two men is required, with occasional help from 
a third; but by using nails a bricklayer’s pole- 
scaffold can be erected by one man, with help from 
a second in getting the uprights into position. In 
England the putlogs are usually split, and not 
sawn, and such plan seems desirable in order to 
avoid cutting the fibres; but the Americans prefer 





sawn timber, and, moreover, the putlogs are not 
lashed to the ledgers, as is usual here, but simply 
rest on the ledgers, being kept in position by their 
own weight. The author defends the practice, and 
doubtless those measures are to be recommended 
that have the sanction of long usage. The author 
has rendered a service by pointing out how risks 
may be reduced without introducing any violent 
innovation. 
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Coat rx IceLanp.—A syndicate has been formed in 
Copenhagen for the rational examination of some deposits 
found in a mountain in West Iceland, at Brede Bay, south 
of Patrick Firth. Samples have been pronounced to 
be coal by a Swedish expert, but the Danish authority, 
Dr. Hartz, maintains that they cannot be coal, but 
must be lignite. Coal dates from a period in the history 
of the world much older than any formation found in 
Iceland. Lignite is an outcome of the Tertiary period, 
older than which there is no formation in Iceland. 
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LABOUR EXCHANGES AND TECHNICAL 
STAFF APPOINTMENTS. 
To tHe Eprror or ENGINEERING. 

Srr,—I have read with interest the opinions of your 
several correspondents on the present Government 
system of controlling the movements of technically 
qualified engineers in this country. The case of a man 
whose qualifications were practically wasted through this 
Act was cited, while the work of the great retarding 
element, the Labour Exchange, together with the result of 
evading it, have been illustrated. To show how such a 
system assists the unscrupulous employer might also 
interest your readers. 

Some few months ago a firm of great noone having 
become somewhat “ slack ”’ in the office, approached some 
of their younger draughtsmen with a view of discovering 
their attitude towards taking up practical work in the 
shops, at the wage prevailing in the district. Those 
who recognised the move of the firm, and were prepared 
to take the risks entailed, objected, and were forthwith 
dismissed, while the others, being in a more dependent 
position, had to submit. The official responsible for the 
move knew full well that business would not always be 
“ slack,’’ and that to “ store’’ draughtsmen in the shops 
was the cheapest and surest way of keeping them until 
he next required them, while the men who wore qualified 
for hetter posts, besides having lost prestige, were 
unable to avail themselves of any opportunity to return 
to office work outside that of their employer, being, of 
course, & upon munition work. 

The firm is busy again and the official prides himself on 
being able to lay hands on draughtsmen during the 
present dearth. To me it seems that the only way of 
mending such matters is to organise ourselves to combat 
it and approach those responsible for its administration. 

Yours truly, 


May 29, 1916. TECHNICAL. 





“ON THE WHIRLING SPEEDS OF LOADED 
SHAFTS.” 
To tHe Eprror or ENGINEERING. 

Six,—I should feel obliged if you would allow me to 
contribute to the discussion in your journal on the 
vibrations of a shaft carrying a rotating disc. 

In order to simplify the problem we may make the 
following assumptions :— 

1. The trajectories of the different points of the disc 
are planes and are parallel to the plane of the Fig. below. 
2. The angular velocity of the disc is constant and equal 
to w. 

3. The plane of the disc is the plane parallel to the plane 
of the Fig. and passing through the centre of gravity M 
of the disc. This plane intersects at O the axis of the 
shaft considered at rest and free from the action of 
gravity. On the other hand, when the disc is in motion 
and submitted to the action of gravity, the axis intersects 
the plane of the Fig. at point A. 

We may suppose that the elastic force which solicits 
the dise is proportionate to the distance OA and is in the 
direction of AO. 

On the basis of these hypotheses, let m be the total 
mass of the disc; let us consider the vectors O M = R and 
MA = ¢, placing a — above all the vectorial quantities. 

Let us refer the motion to two axes o x and o y revolving 
in the same direction as the disc, positively. 


If o x be selected parallel to M A, as M A revolves in the 


same direction and with the same speed as oz, MA will 
always be parallel to oz, and as the distance e'from the 
centre of gravity to the axis of the disc is constant, then 
the vector ¢ is a constant. 


J 








oOo zx 


Let us take as our origin, for time, the moment when 
gravity mg isin the direction of ox; then gravity which is 
fixed in space revolves negatively when taken relatively 
to our axes of co-ordinates with speed w, which means 
that its vector is represented by the circular function 
mge —twtl, 
where ¢ is the time. 

The problem resolves itself in the investigation of the 
vector R = OM. 

It is known that the relative motion of M when referred 
to the revolving axes o z and o y may be considered as an 
ous motion on the condition of adding to the outside 

orees 


1. The inertia force m w2 R. 


2, The component centrifugal force — 2 im w 4 ®. 
Besides gravity, which acts upon the disc, we have as 
external force the elastic reaction of the shaft. 
From our third assumption this is a vector equal to 


—E(R+*) 
E being a modulus of elasticity. 


This vector is not applied to the’centre of vity of 
the disc and gives rise to a couple which tends fo modify 





the angular velocit 
assumption we shall neglect the effect of this couple. 

In these conditions, the resultant of the forces which 
solicit the disc, or 


w, but on the basis of our second 


moe 

de 
is equal to the geometric sum of all the forces enumerated 
above. 

In writing down this vectorial equality, by uniting all the 
terms which contain R or its derivates in the first mem- 
ber, by dividing by m and using, as has already been done 
in your journal, — = w, we obtain the following differ- 

m 


ential equation :— 
@R | aan ( = ) mS —iwt 2 
2 R| © we })=ge —-w 
de + 2iw dt + k Ke 
This is a classical equation, the general solution of 
which is equal to the general solution of the equation 
without second member, plus a particular solution of 
the equation with second member. 
The solution of the equation without second member 
has the form 
7 a, e* (a1 # + $Y) 4 are t (ont + G2) 
41, Go, $1, do, being the four integration constants of a 
vectorial equation of the second order, a; and a2 being the 
roots of the equation of the second degree :— 


a2 + 2aw — (w, — w2) 
ora; = —w-+, and ag = — w — w, 


A particular solution of the equation with second 


member is :— 
- 2 
—iwt w 
cK < A e -- ke 
w — @3 
A @, a 
The general solution is therefore : —- 
*s g —iwt a 
R= ge ae “. " 
eo € 
. 2? 
*, 
faye OO) t+ ga) 
tape — tile + wy t+ go) 


But so far we only have the value of R as referred 
to axes revolving positively with speed w. If we wish to 
find R in relation to fixed axes, or R ¢, it is necessary to 


multiply R by e' “!, which is the unit vector revolving 
with the axes, so that :— 


Rg@=Reivt 
which gives, finally, taking into account that wi = 


sie 


mg ae 


E 2 3 
o, Ww 


twt 
ee 


R¢ = 


ee (a !— 0. ne — i(w, t+ do) 

Therefore the centre of gravity is subjected to :— 

1. A deflection in the direction of gravity, the value of 
which is equal to at which is that called forth by the 
weight of the disc. 

2. The ordinary circular motion, first centrifugal when 
w increases, but remains below w, , the critical speed, then 
centripetal when w continues to increase above w, « 

3. An elliptic motion having a periodicity w,. This 
motion is that which the disc itself would take if it did 
not revolve, but were merely displaced from its position of 
equilibrium—this is, its vibratory motion proper. 

This latter motion can be damped or excited by 
pulsations having a periodicity w,, or a periodicity in 
simple proportion with w,. The dise and-the shaft may 
thus vibrate at speeds different from w,; but on the 
assumptions on which we have based our treatment, 
it Is not gravity which produces these vibrations. In the 
expression R ¢ is embodied the princi i - 
me of the Saecee of the mon paler 

Yours faithfully 


- J. Dants. 
Compagnie Générale Transatlantique, St. Nazaire. 





To THE Eprror or ENGINEERING, 

Srr,—TI observe that this subject is still attracting a 
very regular correspondence. In your issue of May 5 
Dr. Barclay gives a very interesting summary of causes 
leading to excessive vibration, which will be of undoubted 
value to turbine engineers. He has apparently had con- 
siderable experience of trouble due to constructional 
faults, and, of course, under these circumstances may 
consider himself justified in remarking “ that the man to 
be sent for is the engineer, and not the mathematician.” 
Not only will the former be more readily available, but 
since the fault is really his, he ought to be. given the 
opportunity to correct it. Nevertheless, if there is 
evidence to show a ibility of troublesome vibration 
at a definite calculable speed, it is the designer’s place to 
avoid it. 

Like Dr. Barclay, I have noticed the complete absence 
of guidance in the literature of this subject in the matter 
of critical speed determinations for practical cases of 
more than two bearings. The graphical computation 
for the general case of a continuous shaft with any loading 





on three or four bearings is simple enough, although 
somewhat more lengthy than the well-known process 
for a two-bearing configuration; but the introduction 
of a rigid coupling and the raising of an outer bearing 
must introduce rather annoying complications. This 
latter is a rather peculiar condition. 

In the letter from Mr. Wallace in your issue of May 12 
there appears an interesting confirmation of the accuracy 
of the ordinary graphical method of calculating critical 
8 is. The use of narrow ring bearings would make 
uite definite in this case, but I would 
s est that, if Mr. Wallace has the apparatus available, 
he should be able to solve a somewhat im; 


the problem 


+ problem 
by running tests with various lengths of ings, having 
different running clearances. r. Wallace also states 


that he originally suggested the method which I have 
used in Case 1 of my per. ‘I was unaware of this, 
having obtained the method from an article by Professor 
Morley in vol. Ixxxviii. of -ENerveERING. I think the 

rinciples on which this method depends are due to 

ord Rayleigh. In practice it is common to calculate 
the critical speed by the application of Baumann’s rule 
to the maximum static deflection obtained in the usual 
manner. 

In the current issue of ENGINEERING there appears a 
letter. from Professor Jeficott enlarging somewhat on 
the views advanced in his original letter ; and I have to 
thank him for stating more fully the application of his 
idea to my second method of treatment. I had fancied 
I had detected a certain difficulty in this. Professor 
Jeffcott seems still to consider his treatment of rotation 
about the gravitationally deflected position quite valid. 
I have said that in eonsidering rotation about this 
position gravity must be entirely neglected, since the 
assumed centre of rotation allows for it.- He claims that 
his treatment is tantamount to this, but this hardly 
appears correct on examination. In connection with 
thie question he should note the reference to Féppl’s 
equations, towards the end of Dr. Stodola’s letter, in 
the issue of Enernzertne for April 21. 

I note that Professor Jeffcott admits Dr. Chree’s 
result and also the ibility of resonance “at any 
speed whatever, provided an external rhythmic action 
of appropriate frequency be introduced.” It would 
surely be quite natural to expect this effect when the 
appropriate period is that of revolution. In my paper 
I have merely endeavoured to show that the disturbing 
action could be due to gravity ; and is it not reasonable 
to suppose that a unidirectional force like gravity must 
have some effect, even if it does only show itself in the 
mathematics ? But Ido not see why Professor Jeficott 
should hesitate to allow this explanation of the occur- 
rence, even while denying the effect of gravity, since the 
disturbing force might conceivably arise in a variety of 
ways due to the rotation. Instead of this he seemingly 
attributes the effect to a location of the nodes of vibra- 
tion completely outside the bearings. While finding 
such an explanation too great a tax on the imagination 
when carried to an extreme, as in this case, I am glad 
that Professor Jeffcott has given prominence to this 
idea of looseness in bearings causing variation of the 
nodal distance. It is distinctly valuable, and ought to be 
specially emphasised for the sake of those turbine de- 
signers who at all times calculate critical speeds with the 
nodes at the inner edges of the hearings. 

By this time Professor Jeffcott will probably have 
seen the developments in this discussion subsequent to 
his original letter; and particularly the letters from 
Dr. Stodola and Mr. Carter, from which he will learn 
that there are still other aspects of this matter. Indeed, 
it looks as if my article had performed the function of 
the surgeon’s knife, and “ blooded “‘ this subject with 
such results as would seem to indicate a certain necessity 
for the operation. 

T am, Sir, yours faithfully, 
Airdrie, May 22, 1916. Wma. KERR. 





* SPUR-GEARING.” 
To THE EprTor OF ENGINEERING. 

Sir,—Referring to the notice of the discussion on the 
above paper, on page 494 of your issue for May 26, the 
short paragraph about the centre of the middle column 
does not correctly interpret what took place, and the last 
sentence should read somewhat as follows :— 

“His experience of cast teeth showed the average 
error to be in the neighbourhood of four-thousandths to 
five-thousandths of an inch between. adjacent teeth, the 
inference being that, as had already been suggested by 
Mr. Sharp, the error between adjacent teeth with 
accurately cut gearing would be in the neighbourhood of 
one-tenth of one-thousandth, or even less.” ; 

Further down the same column, the heavy gearing 
I quoted was 7} in. pitch, not j in. pitch, with an adden- 
dum of 1} in., which is practically one-quarter of the 
pitch, and similar to the proportions upon which Table I. 
of my paper is based. 

I remain, yours truly, 
DanreEL ADAMSON. 

Hyde, Cheshire, May 29, 1916. 





To THE Eprror or ENGINEERING. 

S1r,—There seems to be an impression in many quarters 
that short teeth for spur and bevel gearing are more 
durable than long ones. The first part of Mr. D. Adam- 
son’s paper, which appeared in your issue of May 26, will 
tend to strengthen the impression, though whether Mr. 
Ad m intended to lend the theory his support is not 
quite clear. Supposing the angle of thrust to be settled, 
however, I think there is a strong case, from the point 





‘of view of durability, for making the tooth as long 4s 
possible, the limiting considerations being that, in the 
case of the smallest pinion of the set, there shall not be 
excessive undercutting, nor shall the points of the teeth 
run to a knife-edge, but shall have a reasonable thickness 
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The usual arguments in favour of short teeth are: 
(1) that contact between the teeth takes place nearer the 

itch circle, where the sliding of the teeth over one another 
is @ minimum ; and (2), that since the bending moment 
to be taken by the tooth varies directly as the length of 
the tooth, a short tooth is relatively stronger than a long 
one, so that a smaller pitch may be used, thus bringing 
more teeth into action. 

Against these arguments it may be urged: (1) that 
with the shorter teeth, assuming for the moment no 
reduction of pitch, there will be fewer teeth in contact, 
and heavier loads near the pitch circle. Although the 
tops of the long teeth are less efficient than the central 
portions, they nevertheless relieve the central portions 
of a part of the load. (2) A reduction in pitch effects 
only a small increase in the number of teeth in action 
(assuming that the height of the tooth is reduced propor- 
tionally to the pitch), while there is considerable loss of 
surface and concentration of load resulting from the 
reduction in the height of the tooth. (3) Since short 
teeth are favourable to small pinions, there will be a 
tendency to adopt small pinions, thus again reducing the 
number of teeth in gear and concentrating the wear on a 
small number of teeth. 

But supposing the number of teeth not to be reduced, 
the claim on behalf of the short tooth apparently implies 
that for a pinion of given number of teeth and pitch, if 
the teeth are shortened the load may be ecm and in 
—- of the inereased load and reduction in wearing area, 
the pinion will last longer. Such a claim seems to 
require a more rigid demonstration than it usually gets. 

Yours faithfully, 


W. W. PapFIEe.Lp. 
42, Lower Oldfield Park, Bath. 








* THEORY AND PRACTICE IN THE 
FILTRATION OF WATER.” 


To THE EprTor oF ENGINEERING. 

Sir,—Mr. William Paterson hardly improves his case 
by his renewed attack on the above paper in his letter 
which you published on May 26. 

Is he not confusing “‘ matters in suspension” 
“matters in solution’? ? These two make up the 
“total solids,” as clearly pointed out in the author's 
letter published on May 19. 

It would be interesting if Mr. Paterson would explain 
now the final filters produce the silt which, as the tables 
show, has already been removed by pre-filtration. 

Percentage figures as to bacterial purification may be 
misleading, as Mr. Paterson suggests, but his admission 
that the process to be employed at Poona may still 
Jeave 1000 dangerous bacteria in the filtered water 
appears to me to support the conclusions arrived at by 
the author of the above paper. 


with 


Yours faithfully, 
H. B. 8 





“INDUSTRIAL DEVELOPMENT.” 
To THE EpiTor or ENGINEERING. 

Srr,—After dealing with this subject from the point of 
view of the engineering trade in last week’s issue, I desire 
to deal with the question further from a national point 
of view. 

Before entering upon any details of what I propose 
in this direction, I think it is necessary to premise that 
while the treatment of the domestic difficulty has to be 
more or less on the lines of the socialists’ ideal, cosmo- 
politanism—or international socialism—must be ruled 
out. The diversity of the world’s races is too pro- 
nounced, the ambitions and qualities of even the 
European races too diverse, to dinvend for the present 
the principle of nationality 

On the other hand, this diversity of civilisations in a 
world in which the intercourse between nations is 
becoming daily more rapid and easy, is developing into a 
source of embarrassment to the higher grade civilisations 
by threatening them with the importation of cheap 
labour from the populous East. 

Australia and America, populated chiefly by men of 
our own race, are already alive to this difficulty, as they lie 
nearer the centres of those more primitive populations. 

How is the more complex society to defend itself 
against the irruption of the simpler one which is content 
with a lower scale of civilisation ? Its only chance is by 
perfecting its methods in the arts which have raised it 
in the scale of civilisation, and, above all, by preserving 
its unity in collective action. ere, again, the old 
policy of laissez faire is hopelessly discredited. 

Our Dominions beyond the seas have shown a. true 
appreciation of the danger which threatens them and 
us alike, with that sound political instinct which is 
characteristic of the race. The misuse of the engines 
which science has put into the hands of civilised man is 
not to be tolerated. The domination of one particularly 
rigid form of civilisation is not to be allowed; but the 
methods of that form of civilisation will have to be 
partially adopted as a bulwark against its acknowledged 
strength. 

The Dominions have answered the challenge by the 
practical exhibition of unity, of collective effort, in war. 
No more for this country the luxury of muddling through, 
of the acquisition of colonies in ‘“‘a fit of absence of 
mind.”’ © possessions we have, which are essential 
to industrial development of any kind, can only be 
retained by hard fighting now, and by hard thinking 
when the ght is done. 

The most precious possession of all our spiritual liberty 
is the most difficult of retention under the conditions of 
grin competition which our enemy seeks to fix upon 
the neck of humanity. But it is no less than that which 
is really at stake. It is the moral factor which will win 


| 
| 





the war, because it is also the factor which our enemies 


have not only ignored, but dismissed from consideration 
with contempt.. To preserve it will be the task of the 
statesmen upon whose shoulders the burden of the 
reorganisation of European civilisation will descend. 

It is not wandering from the consideration of Indus- 

trial Development to consider how this is to be achieved, 
because under the new political conditions the old 
conditions of industry must be altered to conform with 
them; and in the following s ions I must be 
understood as offering them for adoption by the British 
Empire as an indivisible whole, not merely for the 
United Kingdom. 
_ The first consideration will be such assurance of 
international as will prevent the recurrence for 
many generations of such a nightmare as we are now 
a oe through. Exhaustion both of population and 
capital will be the natural guarantee for a couple of 
generations at least. But I think more than this will 
be required by the conscience of civilised humanity. 
I do not think immediate disarmament is practicable. 
To put it on merely economical grounds, the nations 
which have sunk capital in munition works must see 
some return for their money; they. must also retain 
the power to repress any further encroachment on the 
liberties of the nations as settled at the peace. This 
country, in spite of old traditions, will have to accept 
national service as the price of her continuance among the 
great Powers. 

But I do not think this need dishearten us. The 
example of France is an encouragement to all faint 
hearts, and it may be a blessing in disguise if, as I think, 
it reforms our system of class education by making the 
Army the finishing school of our youth. It is evident 
that a nation in arms is a nation. at unity with itself. 


| It is further not beyond the dreams of reason that instead 


of being a hindrance to the subsequent civil career, the 
Army, under wise direction, might become the supreme 
technical university of the nation. 

Without entering into too much detail, I will try and 
indicate the general lines upon which this perhaps 
startling theory can be realised. 

I learnt the interdependence of civil and military 


| craftsmanship when in command of a battery of artillery. 
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Such trades as farriery, saddlery, blacksmiths and 
engineers’ work, the care and grooming of horses, the} 
use of the Morse code in signalling as practised by post- 
office clerks, the skill at reading new instruments of 
precision in the elevation of the gun—-acquired in the 
fitting and turning or boiler shop of an engineering 
establishment—all these civil accomplishments con- 
tributed to the efficient working of the battery from a_ 
military point of view. If they are needed in that 
articular arm of the Service, those who are responsible 
or its efficiency are also capable of teaching the 
necessary skill to the raw recruit in these various branches 
of the arts; and teaching them, mind you, as an art, 
not as a dodge to hurry through scamped work behind 
the back of the foreman, to the detriment of a master’s 
reputation. : 

To pass the whole manhood of the nation through 
such a school means reorganisation on a very great 
scale ; but I do not think it impossible to combine the 
existing educational and military systems, with time 
and patience. In the outset it will be wise to leave the 
present Universities and the present Navy and Army 
organisations, as far asthe Regular Forces are concerned, 
much as they are. 

All highly qualified students who are ca 
research work in science, history, law, medicine or 
theology, should be regarded as belonging to reserved 
occupations, and excused military duty after matricula- 
tion approved by the University faculties concerned. 
Also the Regular Army and its reserve, special reserve, 
and reserve of officers must be maintained at the old 
professional level of excellence, as a dep6t for our garrisons 
overseas, and the nucleus of an ever-ready mobile 
expeditionary force. To increase its educational value 
in times of peace, and make it ready for sudden expan- 
sion in case of war, the establishment of staff and 
regimental officers should be largely increased above the 
normal proportion hitherto considered necessary. 

I am not qualified to speak of naval matters, but I 
venture to suggest that the experience of the present 
war and the close brotherhood in arms of the Mercantile 
Marine with the Navy will break down to a large extent 
the distinction between the professional-military and 
ordinary seaman, so that any remarks I may make 

arding the Regular and Territorial Services may be 
held -to be good for all seafaring members of the Empire. 
Having, therefore, left the three long-standing pillars of 
our civilisation—the Navy, the Regular Army, and the 
Universities—to develop on their well-established lines, 
we must consider the relation of the Territorial Force, 
which is to become the Wniversity of ‘the rest of the 
nation, to the various classes which it will have to 
instruct in the arts of peace as well as war. 

In the first place I would: lower the age of admission 
to 16, to enable the artisan’s son to conmplete his military 
training when he is 19. In a manufacturing country 
such as we have become, it will be mecessary to increase 
the: proportion of the’ scientific branches of the Service, 

Fen, ineers and the Artillery, to a larger proportion 
than is held necessary by the present scale of army estab- 
lishments; nor do I think that this will be disadvan- 
tageous from a military point of view in the light of 
modern warfare. Work on munitions of war might be 
regarded as military service, and the time served in 
such shops, or the Royal Regiments of Engineers and 
Artillery, be counted as qualifying towards the usual 
period of apprenticeship in the trades concerned. For 
the sons of commercial or professional men the time of 
admission might be made later, to give them the chance 
of qualif ying for the reserved occupations at the 
Universities if desired. 
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The remainder of the Force, Yeomanry and Infantry, 
would be for all those whose subsequent occupations 
would be agricultural, clerical, commercial, or un- 
skilled labour. The organisation and training of this 
larger body of the Line requires more ingenuity than that 
of the more specialised branches of the Service. 

Inasmuch, however, as trenching and road-making 
make a large demand upon modern armies, the cognate 
industry of agriculture would be benefited by the 
employment of such troops upon the land; and drawn 
as they are in the majority of cases from urban popula- 
tions, such employment would benefit the health the 
men so em » ae and even give to some a taste for such 

ursuits which they would never have acquired in city 
ife. Topography, and ali the training system as 
invented by Sir R. Baden Powell for his scouts, would 
form part of their instruction, and for those who desire, 
and could afford to have the fees deducted from their 
pay, I think instruction in modern languages, surveying, 
and a certain amount of commercial education, could 
go hand in hand with their military work. The 
administration of such an organisation would absorb no 
small percentage in purely clerical work, though I would 
seenghy deprecate the adoption of the cumbrous methods 
of the War Office to these details, which should be 
superseded by a system more in consonance with the 
economy and methods of civilian business. 

Without, as now, congesting the railways at the periods 
of public holidays, such a force could be trained in the 
summer months in the field, in such exercises as mobilisa- 
tion, concentration, musketry exercises, and field 
manceuvres. 

The whole object of this sketch of the possibility of 
converting the Territorial Army into a National Educa- 
tion Department is with a view to combine the necessity 
of adapting National Military Service to general educative 
ends; and I think if a commission were sent to 
Switzerland to study the methods employed in that 
country they would find that such a wy is not 
wholly Utopian, but feasible. They would find that 
National Service, when adopted in a free country, with 
the necessary elasticity required in its regulations to 
prevent undue hardship and secure the minimum of 
interference with the civilian business of the nation, 
is possible, and compatible with a very high efficiency 
as a fighting machine. 

Ite greatest attraction, to my mind, is its educative 
influence in the direction of collective effort. It will 
combine habits of discipline with the destruction of those 
class prejudices which so weaken our administrative and 
ot cia. That this is a necessary prepara- 
tion for industrial development after the war is shown 
by Mr. Cox’s concluding sentences. Such or such-like 
educational reform is the first consideration. 

Yours truly, 
“* VenaTor.” 











Grrop Etecrric Furnaces at THE BrTHLenem 
Workxs.—The Bethlehem Steel Company has just taken 
out the first heat from the 10-ton Girod electric steel 
furnace at its plant at South Bethlehem, says the Iron 
Age. The furnace is the largest of its type in the United 
States, and is expected to become a valuable adjunct 
of the Bessemer converter and the open-hearth furnaces as 
a means for refining the molten steel. Plans call for 
three such furnaces in the completed plant. 





CarBon MonoxipE DeTEeRMINATION.—In analyses of 
producer gas the CO is generally absorbed by ammoniacal 
cuprous chloride. In the Chemiker Zeitung of May 10, 
1916, Fritz Hoffmann points out, however, that this 
absorption is never complete, and that it has in practical 
working remained below the real value by as much 
as 4 per cent. As the error would affect the other 
percentages, he suggests to check the result, whenever 
possible, by complete combustion tests, This would be 
laborious, but a thoroughly reliable absorbent for carbon 
monoxide is not known. 





Maximum Coat Prices at PaANAMA.—According to the 
Canal Record, the Governor has published a circular, 
dated April 17, 1916, establishing, with the spew of 
the Secretary of War, maximum prices to be charged for 
coal sold to ships by lessees of coal storage areas at the 
Canal terminals. The circular states that “a maximum 
price per ton will be fixed by the Panama Railroad. All 
coal in storage owned by individuals and companies 
will be subject to purchase by any vessel using the canal. 
From July 1, 1916, and thereafter until further notice, 
the maximum price for coal supplied by individuals and 
private companies to steamships at the terminal ports 
of the Panama Canal will be cost, og 25 per cent. 
Lessees will be required to furnish the Panama Canal 
with such information as will enable the Canal authorities 
to check the maximum price on this basis.”’ 





AuvLoy Stree. Ratits.—We read in The Engineering and 
Mining Journal, New York, that the production of 
alloy-treated steel rails in the United States has shown 
some remarkable fluctuations. It reached its maximum 
in 1910, when the total was 257,324 tons, or 7.1 per 
cent. of the whole output. In 1911 the total was 153,989, 
tons and in 1912 it was 149,267 tons, all but a few tons 
in those years being titanium steel. In 1913 the total 
was 59,515 tons, 47,655 tons being titanium steel; in 
1914 it was 27,937 tons, 23,321 tons being titanium steel. 
In 1915 it fell to 24,970 tons, 21,191 tons being titanium 
steel, and 3779 tons manganese steel. Nearly all the 
alloy steel rails were heavy-section, 85 lb. or more to 
the yard. The greater part of the titanium steel rails 
manufactured in 1910, 1911 and 1912 were for one 
company, and no statement has been made of the 
wearing ts. 
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SPUR-GEARING.* 
By Danitet Apamson, Member, of Hyde 
(Concluded from page 513.) 


Allowable Working Stresses.—As to allowable working 
stresses in the teeth of wheels, there is a great diversity 
of opinion, due no doubt to the varying standards of 
workmanship in the examples used by the various autho- 
rities for their bases. 

E. R. Walker in 1868 published some data, based upon 
a breaking load of 2000 h., for a tooth 1 in. wide by 1 in. 
pitch (corresponding to a maximum fibre stress in the 
teeth of about 15,000 to 33,000 Ib. per sq. in., depending 
upon whether a pinion tooth or a rack tooth is taken, 
or, say, 24,000 lb. as an average), with a table giving factors 
of safety recommended, varying from 3 at very slow 
speeds to 14 at 40 ft. per second (2400 ft. per minute) 
(J. H. Cooper’s paper in the Journal of the Franklin In- 
stitute, 1879, vol. 108, pages 15, 16). (See Fig. 13, page 539.) 

F. Reuleaux’s ‘The Constructor,” originally pub- 
lished over 50 years ago, gives permissible stresses as 
follow :— 


Wood . 2,544 lb. per sq. in. 
Cast iron... ase ose 4200 ,, * 
Steel awe ‘ -- 14,112 ,, ” 


These are for speeds not exceeding 100 ft. per minute, 
and are to be reduced for higher velocities down to about 
half their value for a velocity of 2500 ft. per minute. 

In 1892 Wilfred Lewis published a table (Proceedings, 
Engineers’ Club of Philadelphia, 1893, vol. 10), suggesting 
working stresses as follow : 

Cast iron ... in outer fibres due 
Steel } to bending 


8,000 Ib. per sq. in. 
. 20,000 

for velocities of 100 ft. per minute or less, and these are 

to be reduced to about one-fifth for a velocity of 2400 ft. 

per minute. (See Fig. 14.) 

These values correspond with E. R. Walker’s recom- 
mendations, and it is a remarkable fact that Lewis’s 
om which is still acknowledged (Marx’s paper, 
‘ransactions of the American Society of Mechanical 
Engineers, 1912, vol. 34) to be the standard work of 
reference on this subject, should be based upon empirical 
figures, that so long ago as 1868 had been in use for 
several years (J. H. Cooper’s paper, Journal Franklin 
Institute, 1879, vol. 108, pages 15-16). (See also Appendix 
1., below.) 

Maximum Speeds.—The maximum speeds allowed by 
different authorities also vary considerably, owing, no 
doubt, to the different experience of each individual. 

C. W. Drake (Electric Journal, 1912, page 554) states 
that noise begins at 600 ft. per minute, but does not 
become disagreeable under about double this speed. 

G. J. Leire (Machinery, July, 1905, page 565) says that 
to avoid noise the pitch-line speed ought not to exceed 
1000 ft. per minute. 

W. H. Thornbery, M.I.Mech.E. (Staffordshire Iron and 
Steel Institute, April 12, 1902), gives 1800 ft. per minute 
as the greatest speed at which ordinary cast-iron wheels 
may be safely run, and up to 3000 ft. per minute for 
machine-cut wheels. The same authority quotes ex- 
amples up to 4000 ft. and 5000 ft. per minute, but 
recommends caution before adopting such speeds. 

Emile Geyelin (Proceedings, Engineers’ Club of Phila- 
delphia, 1894, vol. 11, page 142) gives particulars of 
bevel-wheels at Niagara transmitting 1100 horse-power 
at nad revolutions per minute where mortise-wheels were 
adopted because of the expected rapid variations in the 
load. The wheels have 43 and 33 teeth respectively, 
54 in. pitch and 20 in. wide, with a pitch-line velocity 
of 3930 ft. per minute. E. Graves, six and a half years 
later (Proceedings, Engineers’ Club of Philadelphia, 1901, 
vol. 18, page 5) refers to the same wheels as running 
satisfactorily, except that the wooden teeth only last 
from six to eight weeks. 

E. Graves gives in the same journal (vol. 18, page 56) 
particulars of some cast-steel bevel-wheels running in 
the same room as the above, and which had been put to 
work about two years later. These transmit 1300 horse- 


nd revolutions per minute. The teeth are 5 in. 


” 


2 
power at 
2 


»itch, 20 in. wide, and the velocity is 3900 ft. per minute. 
Their wearing power as regards abrasion was quite 
satisfactory, but troubles arose from time to time through 
the teeth breaking out. The normal stress due to the 
transmitted load alone works out at 2100 lb. per sq. in., 
or only one-tenth of the allowable stress under a static 
load, or, say, perhaps one-fifteenth to one-twentieth of 
the elastic limit of the material, or one-thirtieth of the 
ultimate breaking stress. 

That a velocity of 2500 ft. per minute is quite feasible 
is proved by an example quoted by Christie (Engineers’ 
Club of Philadelphia, 1901, vol. 18, page 44), where a 
pair of spur-wheels transmit. 3300 horse-power at 260 
revolutions per minute with a pitch-line velocity of 2500 
ft. oo minute, a load on teeth of nearly 2100 Ib. per in. 
of face, and a maximum fibre stress due to transmitted 
load of 6300 lb. per sq. in. (assuming one pair of teeth 


in action). The pinion was made from a fluid-pressed 
steel forging having the following analysis :—Carbon, 
0.86 per cent.; manganese, 0.51 r cent.; silicon, 


0.27 per cent.; phosphorus and sulphur, each below 
0.03 per cent. The wheel was an annealed steel casting 
having the analysis: carbon; 0.47 per cent. ; manganese, 
0.66 per cent.; phosphorus and sulphur, each below 
0.5 per cent. 

On the New York Subway (Litchfield’s paper, Trans- 
actions of the American Society of Mechanical Engineers, 


* Paper read before the Institution of Mechanical 
Engineers, Friday, May 19, 1916. 





1908, page 967) teeth failed by breakage before they were 
very far worn, the maximum stress running to 13,370 Ib. 
per sq. in. (calculated on the original size of tooth, or 
about 16,500 Ib. on the worn tooth) with material having 
an elastic limit of 45,000 Ib., the pinion running at about 
550 revolutions per minute, or 1168 ft. per minute at 
pitch circle. 

An example that has come to the author’s notice in 
private correspondence (E. and G., Bolton, November, 
1910) is a pair of machine-cut bevel-wheels, ratios 3 to 1, 
transmitting 1500 horse-power; pitch-line —— 
3000 ft. per minute; teeth, 10} in. wide ; load, 1570 Ib. 
per in. of width; the first wheels were made 3} in. 

itch and transmitted 600 horse-power satisfactorily, 
but failed under occasional peak loads of 1500 horse- 
power, and were replaced by others of 2} in. pitch, 
which proved quite satisfactory, the other conditions 
remaining unaltered. 


Another example that has given trouble is a set of | 


spur-gearing to transmit 120 horse-power at 488 


i10 
156 tecth 2 in. pitch, 8 in. broad, 


velocity 2860 ft. per minute, load 172 lb. per in. of face. 
Paper pinions and also a cast-iron one (cut teeth) failed 
in use. and a steel pinion was found to be too noisy. 
The paper pinions lasted about 7000 working hours. 

It may be pointed out that, while it is the irregularity 
in the teeth that gives rise to noise in the first instance, 


revo- 


lutions per minute, 


“| yet, if the construction of the wheel is favourable to 
resonance, the noise will be multiplied to a disagreeable | 


extent. 

Durability.—Consideration, as yet, has only been given 
to permissible loads and speeds having regard to risk of 
failure from too high stresses, but some guidance is also 
necessary for the designer in respect of durability. 

Dr. Otto Schaefer (Dingler’s Polytechnisches Journal, 
1910, vol. 325) gives a table showing the variation in 
loading, according to the number of revolutions estimated 
to be made by a wheel before wear has so weakened the 
teeth as to bring the stress due to bending up to a pre- 
determined maximum. The article refers to hoisting 
machinery in particular. Table II. (below) gives Dr. 
Schaefer's values for K (a variable dependent upon the 


material used and the circumstances of the drive) in| 


the simplified formula for strength of teeth : 


Tasre IIl.—For K. 
(Converted into British Units.) Maximum Stress Allowed. 


Total life 17,9001. 14,0001b. 11,4001b. 85001b. 57001b. 28501b. 
in millions m4 > - ~ 
of revolu- per pe ~~ 
tions. sq. in. sq.in. | sq.in. sq.in. sq.in. sq. in 
0 1350 1120 898 685 455 228 
1 1292 | 1080 870 655 442 228 
2 1238 | 1040 840 640 442 214 
3 1180 | 1010 812 626 428 214 
4 1138 | 968 798 612 428 214 
5 1094 940 785 598 413 214 
6 1051 910 770 598 413 214 
7 1023 883 742 584 413 214 
8 997 868 726 570 399 | 214 
9 968 840 713 555 399 | 214 
10 940 826 698 555 384 | 214 
12 883 782 670 526 384 200 
14 840 740 640 612 370 200 
16 797 712 612 498 356 200 
18 769 685 598 484 356 | 200 
20 740 655 570 470 342 200 
30 612 555 485 442 314 185 
40 526 484 428 370 285 } 172 
50 413 384 356 299 242 157 
60 342 327 299 270 214 142 
100 297 284 256 226 200 | 134 
120 257 242 226 212 171 | 123 
150 228 212 200 185 157 | ill 
200 185 171 157 142 128 97 
250 142 142 137 127 111 86 
300 128 123 120 109 100 77 
400 101 98 94 88 80 64 
500 84 81 81 74 69 56 
W =P x F x K, 
where W = safe working load in pounds, 


P = circular pitch in inches, 
F = width of face in inches, 
K = as above. 


In explanation of the table, it may be observed that 
the number of revolutions made by a pinion running at, 
say, 500 revolutions per minute for 10 years of 300 days 
of 10 hours, working for one-third of the time (as, for 
—— on @ crane), 
and this figure (multiplied by, say, 0.5 on the assumption 
that the gearing is aly loaded to one-half its full capacity 
on an average) gives 150 x 106. On referring to the | 
table it will be seen that for a life of 150 x 106 revolutions | 
the value of K in the above formula should be taken at | 
228 for steel at 17,000 Ib. per sq. in. maximum working 
stress in the worn tooth, and 157 for cast-iron at 5700 Ib. 
per sq. in. 

Dr. Schaefer suggests maximum stresses of about 
17,000 and 14,000 Ib. per sq. in. for forged steel and steel 





amounts to 500 x 0.6 x 106, | 


amount of truth, although the question has been 
approached from different directions. 
he makes the most helpful suggestion by indicating 
| how the stresses induced by variations in the angular 
velocity of wheels, due to unavoidable errors in pitch, 
may be many times the transmitted load alone, and also 
that these excesses will vary as the square of the velocity. 
Examples have been quoted of wheels that have failed 
by breakage of steel teeth after a few months’ work, 
| although these failures could not be accounted for by the 
| peripheral load due to the power transmitted, and in fact 
| an example is given where steel teeth (when gearing with 
| wooden mortise teeth) have transmitted equivalent 
| loading satisfactorily for years, the mortise teeth absorb- 
| ing the shocks, but having very short lives in consequence. 
| Assuming that Lasche is correct, and that the varying 
|angular velocity resulting from inaccuracies in the 
| cutting of the teeth of wheels causes excess loads which 
are large compared with the normal loading, the resulting 
stresses must be taken as practically equal in magnitude 
and of opposite sign. Under these conditions Dr. 
Unwin shows (“‘ Elements of Machine Design,” 1909, 
page 41) that the breaking stress (for one million changes 
of load) is only about one-half the primitive yield-stress 
of the material, because of the Wéhler effect of the repeated 
stresses. (See also ENGINEERING, vol. xi., 1871, for the 
most complete record in English of Wéhler’s work.) 
| Referring now to Graves’ examples on page 22, if the 
| transmitted load (equal to one-twentieth of the elastic 
| limit of the material) is raised by these alternating stresses 
to one-half the elastic limit or anything of that order, it 
| seems that the excess load (in this particular instance) at 
3900 ft. per minute is ten times the transmitted load. 
Arguing largely from theoretical grounds, Lasche 
showed in 1899 that the possible excess load induced by 
an actual measured error of pitch of 0.02 inch in a wheel 
of about 1} in. pitch running at 2460 ft. per minute 
amounted to 28 times the peripheral transmitted load. 
(See Appendix IT.) 
It seems to the author a very reasonable assumption 
to make that the additional stresses thus induced in a 
| wheel running at a high velocity are very large, and 
| accordingly it is not sufficient to consider the stress due 
to the transmitted load, and to reduce this merely for 
the higher velocities. In the examples. just quoted, 
where the excess loads are suggested as being 10 times, or 
| 28 times, the transmitted load, no reduction in the stress 
| originally allowed would meet the case. However small 
| the transmitted load the wheels would break, due to the 
alternating stresses alone. What is wanted is a standard 
of accuracy for different velocities. If 0.02 in. in a pitch 
of 1} in. (say 14 per cent.), in Lasche’s third example, 
can cause trouble at 2460 ft. per minute, then to secure 
a factor of safety of, say, three, the inaccuracy must be 
reduced to less than } per cent. for this velocity, and if a 
velocity of, say, 3900 ft. is desired (as in Christie’s 
example) the error must be reduced to less than 0.2 per 
cent., the excess load increasing directly as the amount 
of inaccuracy, and as the square of the velocity. 

Figs. 13, 14, and 15, page 539, show the allowable 
working stress, according to Walker, Lewis, and Marx 
respectively, while Fig. 16 embodies the conclusion 
arrived at in this paper. 

H. F. Moore and F. B. Seeley have recently shown 
(American Society for Testing Materials, June, 1915) that 
it is reasonable to assume that the allowable working 
stress should vary inversely as the one-eighth power of 
the expected number of repetitions of stress during the 
working life of the piece concerned. This means that 
in addition to improving the standard of accuracy of 
high-speed gearing so as to reduce the excess loads 
resulting.from variations in angular velocity, there must 
be further improvement in order to reduce the total 
stress to such a figure as will allow the required number 
of rotations (repetitions of stress) to be made without 
endangering the safety of the mechanism concerned, the 
number of rotations being generally greater per unit of 
time with high-speed gearing than with low-speed. 

The author considers that these somewhat detached 
notes are hardly worthy of being called a paper, being in 
fact merely a collection made during the past 20 years ol 

information and references for the author’s own guidance 
|in the design of electric overhead travelling-cranes of 
| varying capacities. He has endeavoured to show that 
the present state of knowledge on this important 
| mechanical and metallurgical subject is far from complete, 
|and hopes that he has given some indication of the 
direction in which members can afford valuable help, 
by giving — from their experience of successful 
and unsuccessful practice in the use of spur-gearing of 
| different materials under varying conditions. 

The thanks of the author are due to Mr. Thomas Bevan, 
| B.S. (Tech.), for assistance in reading the proof, preparing 
| the illustrations, and revising the Appendices. 








APPENDIX I. 
List OF REFERENCES (ARRANGED CHRONOLOGICALLY). 
Euler’s ““ New Commentaries,” vol. xi., St. Petersburg, about 
1760. According to Willis the involute form was first suggest d 
by Euler in his second paper on “ The Teeth of Wheels. : 
Camus on “ The Teeth of Wheels,” translated by G. I. Hawkins. 


‘ ( ; § Second edition, published by J. 8. Hodson, London, 1837. 
castings respectively, and 5700 Ib. per sq. in. for cast iron, | Professor Robert Willis: Proc. Inst. C.E., 1838, vol. 2. ! 
and in the original article shows by comparison with | Edward Reng : “* New General Theory of the Teeth of Wheels 
actual examples, and also with an accepted formula by | _ Published by A. and C. Black, London, 1852. él, 108 
Bach, that his deducti bl rrect J. H. Cooper: Journal, Franklin Institute, 1879, vol. 1°; 
ee eaten cconeppwaecrtieg 9c they mene tese, fmm ' ages 15-16. Paper on “ Power Transmitting Mechanism 
(These values seem very low for steel. ] - he ri— 
oat r e following is taken from the pape: 

Cone R has been made to Reuleaux | From “ Practical Rules for the Proportions of -Wheels_ and 
and to papers by Lewis, Lasche, Schaefer, and Marx, hafting,” by E. R. Walker (of Haigh Foundry, Wigan), Hew- 
all of whom, in one way or another, directly or indirectly, crate andee ia. wes, eo — the following observatior 
make provision for reducing the estimated working | ,, ® eS, CHAM Cap in of 
stresses in the teeth when these are to run at higher speeds, | Th¢ enn etinnty mater grit ep oe and 
and each author is able to point to more or less satis- b 1 


factory proof of the reliability of his data, so that it may 





be reasonably assumed that all contain a considerable 


in actual 


been tested by a large of p 
open Nn s in a considerable practice 





operation, and they have been used 
for some years, 
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“To find the extreme strain which the teeth of any wheel of speed by pressure divided by circular pitch, that is,| N. Litchfield: Trans. Amer. Soc. Mech. Eng., 1908, page 967. 
are capable of transmitting. “= Velocity x Load shoul not exceed 1,000,000 Cc. an. ie: American M , 1908, vol. 31, pages 95 and 

Calling Fhe mae Pith ——e 
-- a pte oft outta tates” E. om Proc. Engineers’ Club of Philadelphia, 1901, vul. 18, te tien vel 1, aoe _ and Steel Inst., Carnegie Memoirs, 
Mo American Machinist : vol. 24, page 1079, October 12, 1901. List | H- Logue (American Machinist, 1908, vol. 31, Parts. 1-2, 
ti dy fd = er ps of proportions and strength of spur-gear teeth adopted by| Eeength when calculating the size of geartecth 
a wee ‘ «= a re we whe iy R.N.V.R. Iron Age: Vol. 81, page 1232, April 30, 1908. Manganese steel 
eae“ ; 10 - Bruce, Liew (American Machinist, 1901, |" gear-wheels and pinions that lasted five times as long as 
Be ” , ” el vol. 24, page 1140), furnished an article advocating increased ordinary | steal, on tr on travellin cranes 

mae eRe ae en © obliquity and ee. ©. H. frist, 1909, vol. 82, Part 1, page 917) 
i 30 of achinist, 1, vol. 24, page 689. Table of Strength sugges Ann my the ee stresses for the teeth of wheels 
ee 2 ; ° 20 “ . re. — no S — ‘of iametral pitch. according to the method of construction and presumed accuracy 
wehave X = 2000 pf. a a aoe Genta tee of workmanship, but the figures given seem to be only personal 


“ The extreme or br 


load being found, and the speed given 
to find the working } 


the wheel should bear, 


8= Zw» 
m 
{Mr. E. R. Walker was manager of the Haigh Foundry, Wigan, 
about 1868, and is believed to have afterwards become manager 
of Talk-o’-th’-Hill Colliery, in Staffordshire.] 





American Machinist: Vol. 25, February 15, 1902, 
Strength of Shrouded Teeth, ” by Wilfred 
shroud may add 10 per cent., and double shroud 30 per cent. 
to the strength of th, but the space occupied would be 
better employed in increasing the width of the face of the 


145, “ The 


ieee. A single 


W. H. Thornbery (Staffordshire Iron and Steel Inst., 7 
several different values varying from about 400 Ib. D. 
per in. of width on cast-iron teeth of 4-in. +t pitch, 


Fig.t3 to 15 . RATIO OF ALLOWABLE LOAD TO VELOCITY. 
13. E.R.WALKER, 1868. 
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Wheel b 
Drwern 
(2761) Error trv Pitch ; 
Michael Longridge: Annual Reports of Engine and Boiler These give the very low stresses of 1000 Ib. to 2000 Ib. per 
Insurance ioomene, 1887-8-9. Bach in. of material. 
Archibald Sharp: “ Wheel Teeth,” Proc. Inst. C.E., vol. 113, ner: Zeit. des Ver. Deut. Ing., 1902, vol. 46, page 279. 


1892-3, and vol. 121, 1894-5. 

Wilfred Lewis: Proc. Engineers’ Club of Philadelphia, + tpl 
+... of the Strength of Gear-Teeth, January, 1893, vol. 1 
‘euleaux, “‘ The Constructor,” 1893 edition, page 146, quotes 
> as recommending 400 Ib. per in. ‘ot width, but adds 
that pressures as high as 1400 have been successfully used. 


He also shows that : N ought not to exceed 28,000, and 


may be reduced to 12,000 or even 6000. For wooden teeth 
he mentions 15/20, =" with an ‘cee given of 7000 to 8000 
having run -% ears e 147). 

Emile Geyelin Sees, (pes fey Club of Philadelphia, April, 
1894, vol. 11, page 142, 

0. Lasche : Zelt. des Ver. Deut. Ing., 1899, vol. 43, page 1417. 
_ Pages 9-17; and also Appendix II. } 
ilfred Lewis: “ Interchangeable Gearing,” Proc. Engineers’ 
vou of re hia, vol. 18, February, 1901, page 51. 

Christie (Proc. E: eers’ Club of ee teeceary, 1901, 
vol. 18, e “a and in Iron Age, vol. 67, February 28, 1901, 
(page 19) gives an example 2100 Ib. per in. of face at 2500 ft. 


per minute. Ne 286,000. Carbon, 0.86 percent. Highest 


recorded velocity, 3900 ft. per minute for mortise-wheels— 
680 Ib. per in, of face ; life short. He suggests that the product 





D. Williams (American Machinist, 1903, vol. 26, p 
- * &@ paper on Measurements of Contacts, an 
resistance to crushing of curved surfaces of different ro 


~ 257) 
— 


contact. 
William Kent: ‘‘ Mechanical Engineers’ Pocket-Book ” (Seventh 
tho auvagth a, . pan ty ol Several formule for 


culating 
mm ma running so bah casos Up to 9900 & ban panion 
run! 8 up per ui! 
ont achinist, 1905, vol. 28, page 220) gives his 
ideas ¥ to relative loads on cast iron, gun-metal, cast steel, 
and forged steel, in the ratios of 1, 14 and 2} respectively, 
with modifications for speed and shock as in “ Liftin Z 


ery.” 
G. J. Leire: — pete, a. page 565. 





C. H. Logue : ist, 1907, vol. 30, 
hw aa aa «Manufacture of Spur-Gea hots Inst. 
ech. 


In Nicolson cline ool baie Smith’s “ Lathe Design,” 
mans, Green, London (1908), will be foun 
an extended reference to Stribeck, Bach, and e’s investi- 

ns. 


0! 

pabert H. Smith: “ Design and Waste and Wear of Wheel 

Teeth,” Society of Engineers, May, 1908. 

R. E. Flanders (Trans. Amer. Soc. Mech. Eng., 1908, page 921) 
advocates shorter teeth and increased pressure angle. 


_ by Long- 
158-16 


nies unsupported by evidence either of a practical or a 

eoretical nature. 

R. Livingstone : Electrician, 1909, March 19, 892. 

W. C. Unwin: “ Elements of Machine Design,” 1909, Part 1, 

41 and 399. 

R. Plessing (Zeit. des Ver. Deut. Ing., 1910, Part 2, vol. 54, 
page 1682) advocates increasing the pene angle, and — 
out how this can be done with existing —_— machines, 
and shows, by calculation, the required difference in diameter, 
of base circle and side accordingly. 

J. D. Steven: “ Tooth Gearing,” Met. Mech. E., July, 1910. 

Wilfred Lewis (Trans. Amer. Soc. Mech. Eng., 1910, vol. $2, 
page 803) refers to investigation by a committee, ‘and gives 
& summary of a as far as ied out. 

Otto Schaefer: Dingler’s Polytechnisches Journal, 1910. 

C. H. Logue: American Machinist, 1910, vol. 33, Part 2, page 527. 

_— Rose and Cunningham: “ The Endurance of Metals,” 

it. Mech. E., October, 1911. 

Rik (Zeit. des Ver. Deut. Ing., 1911, vol. 55, page 1435): Tests 
of the efficiency of transmission by spur-gearing show that 
the loss is only about 2 per cent. 


~~ Weekly: 1911, December 29, page 1 
G. H. Marx: Trans. Amer. Soc. Mech. Eng. 1912, vol. 34, 
page 1376. 


Cc. W. " Genie (Electric Journal, 1912, June, heme, poe 008) : 554) states that 
raw-hide may be run up to 2000 or 3000 pee oe ute. 

American Society of Mechanical Engineers: ‘‘ Standard Involute 
Gearing,” 1913, September Journal, page 1405. Report of a 
Committee. A majority of this Committee recommended a 
standard system ranging from $ 12-tooth pinion to a rack, the 
angle of obliquity to be 224 deg. with 
(0.28 pitch) and dedendum 1 A. *, (0.318 pitch). 

Burgess (American Machinist, 1913, vol. 36, page 113) shows the 
increased number of blows under a hammer test that alloy 
steels will sustain as compared with 0.3 per cent. carbon 
steel and cold-rolled steel. 

Electric Railway Journal (November 8, 1913, vol. 42, page 1021). 
Large users of gear-wheels under severe conditions, such 
as tramway companies and departments, are now giving 
considerable attention to the wear of gear teeth under various 
conditions, and are nw | systematic records of measurements 
taken by special gear-tooth micrometers at regular intervals. 

Sir C. A. Parsons states that Pa attention is being given 
every year to accuracy in dividing or aan out of gear 
wheels when being cut (Inst. Naval Arch., 1913). 

M Li 19, 1913, pace 577: Modern 

hardened and tabricated gears are said to be able to carry 
3000 Ib. per in. of width. 

In the Electric Railway Journal (December 20, 1913, page 1299) 
are given some particulars of tests on tool-steel wheels and 
pinions on the Memphis Street ——- One set had already 
run 183,759 miles and showed the wheel-teeth only polished 
and — = -third perhaps as much as could ultimate! 
be obtai ainst a total life for soft or untreated wheels 
of 156, 000 ae pinions Ad $2,675 miles. (See Science Abstracts, 
B. 1914, vol. 17, page 2 

Vincent Gartside : fran, 
1912-13, page 133. 

Charles Fair in reply to the Discussion (Proc. Amer. Inst. Elec, 
Eng., 1914, February, page $20) gives 4200 ft. per minute 
rook cloth gears and 5000 f 








Manchester Assoc. of Engineers, 


. per minute for “ herring-bone ” 


John Parker (Trans. Amer. Soc. Mech. Eng., 1913, page 785) 
wrote on Gearing for Machine Tools, dealing with different 
materials and best methods of treatment for different con- 
ditions of service. 

T. V. Converse (American Machinist, 1914, Part 1, vol. 40, page 
182) advocates increasing the angle of obliquit y. 

W. L. Allen (“ Recent Developments in Railway Motor Gearing,” 
Electric Journal, October, 1914) ee through the various 

| materials used for railway gearing up to case- ened steel, 

the cost of which is rather excessive, owing to the care 
necessary in the heat treatment; also describes a new eyes 
of heat treatment by which a surface corresponding to that of 
case-hardened steel could be obtained at a much lower cost. 

H. F. Moore and F. B. Seeley: “ The Failure of Materials under 
Repeated Stress," American Society for Testing Materials, 
June, 1915. 

A. A. Ross: “ Operating Conditions of Railway Motor Gears and 
Pinions,” General Electrical Review, pages 249-258, April, 1915. 

Marx and Cutter: Amer. Soc. Mech. Eng., Septem r, 1915, 

| “ The Strength of Gear-Teeth.” 


APPENDIX II. 


AMPLIFIED ABSTRACT FROM ARTICLE BY LASCHE IN ZEIT. DES VER 
Devt. InG., 1899, VOL. 43, PAGE 1528. 


In this article it is shown that the excess loads due to 
larities in to vary as the square of the pitch-line vel 
and may be of high values in comparison with the ne voloay, 
1 


Referring to Fig. 17, the error in the _— of one tooth of the 
driven wheel is represented by the dis vr 
of this error the teeth a and } Ree pe ah! a 
of at a point Y on the theoretical line of action 
that the teeth a and b re gretical Ene of action. Asvuming 
and that the angular velocity of the driving wheel remains con- 
stant, it is obvious that the angular velocity of the driven wheel 

must vary, attaining a maximum when a and b come into contact, 
and gradually diminishing as b ap a the line of centres. 
The shaded areas 1’, 2’, 3’, &c., on itch circles of the driven 
wheel show the movement of the lat corresponding to the 
uniform movements, 1, 2, 3, > a of -_ ve onving wheel. The 
difference between the lengths 1 oF - to 
A», the difference in VT at a boy wheels when contact 
first tak a difference A v can be ascertained for different 
errors in pitch and plotted . the latter for any required pair 
of wheels, as shown in Fig. 1 

From such a curve it is penile to read the difference in 
velocity A » corresponding to any given error in the pitch, -_. 
knowing the de of Av, the acceleration pressure P can be 
calculated, pro’ assumpt ane made. 

The follo > the assum 
@ 2) That at 





of contact between the teeth a and » 
lerated by one-half the 


vr} = ad 2 wheels, the 
oa hf being retarded ‘by a 
the equalisation of velocity "ten aed take place 
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instantaneously, but extends over a period of time =~ 
to the time taken for the tooth b to move from the actual*begin- 
ning of contact at X to the theoretical beginning of contact at Y. 


Now let t = time taken to equalise the velocity ; that is, time 
taken for h } to move from X to Y. 

And let Av = difference of pitch-line velocity at the point of 
contact X 


Let’ I = moment of inertia of largest wheel. 
» M = mass of largest wheel. 
» & = radius of gyration of largest wheel. 
» JR = radius of pitch circle of largest wheel 


» » = angular acceleration of wheel. 
Then couple necessary to produce the acceleration « 
I.4¢_MR.Av 

2tR i) ii 


But couple = acceleration pressure P x pitch circle radius of 
wheel R = P x R. 


PR=- MEF.A 0 
2tR 
MR Av 
= —— xX e ° . 1 
k2 2t ® 
The ratio of the length 1’ in the figure to the length 1 is 
obviously independent of the velocity of the wheel, and simply 
depends upon the amount of error in the »itch and the numbers of 
teeth in the two gear-wheels considered. It follows, therefore, 
that instead of A v we can substitute a x v, where a is a constantand 
v is the normal pitch-line velocity of the wheels. Further, for we 4 
two given wheels with a given error in pitch, the — whic’ 
the distance X Y bears to the circumference of the wheel will also 


be constant, and we may write ¢ = é , where £ is a constant and v is 
as above. Substituting for A v and t in (1) we have 


M.k2 a 
a Se 8 we 
. R4 28 
which shows that, providing the assumptions made are reasonably 
pas we the acceleration pressure increases as the square of the 
velocity. 

The following example taken from Lasche’s paper shows the 
calculation of the acceleration pressure by means of formula (1). 
Number of teeth, 35 and 136; pitch, 1 in. (approximate) ; error, 
0.02 in.; pitch circle diameters, 16.5 in. and 64.25 in. ; height 
of teeth, 1 in. ; horse-power, 75; pitch-line velocity, 41 ft. per 
second ; revolutions per minute of driver, 570. 


Mass of largest wheel reduced to pitch circle = — = 19; 
Av = 3.15 ft. per second ; t = 0.00106 second. 


3.15. 
.*. Accelerati = 
ration pressure P = 19 x 0.00212, * Ke we 
x 33,000 x 12 a 
peripheral load due to power transmitted = 570 x w x 165 
1000 Ib., showing that in this instance the ratio of acceleration 
pressure to peripheral load = 28.2. 


= 28,200 Ib. But 





AMERICAN Iron OrnE.—About 85 per cent. of the iron 
ore produced in the United States is mined in the Chicago 
district. The output for 1914 was 32,221,897 tons, as 
compared with 49,070,478 tons in 1913, and 47,435,777 
tons in 1912. 


Tue GerMAN ALKALI InpDustry.—The German alkali 
industry has fared very badly during the war. Several 
appeals have been made to the Legislature and the various 
Government departments for assistance and a rise in the 
officially-fixed prices ; the State dues for last year were 
abolished in consequence. A new measure has now been 
introduced into the German Parliament, providing for a 
new and higher price-list, the foregoing of the State dues 
also for the current year, and the renewed postponement 
of new allotments until December 31, 1918. The 
following table shows the new prices and, for comparison, 
the present ones :— 

New Present 
Price. ‘Price. 
Pt, Pf. 
Carnallite, with at least 9 per cent. and less 
than 12 per cent. of Kg O (in ground state) 11,0 8.5 
Raw salts, with 12 to is per cent. KgO (in 


ground state) ... ° 13.0 11.5 


Manure salts, with 20 to 22 per cent. KgO... 17.0 14.0 
” ” 30 to 32 oo os ce Bae 14.5 
” ” 40 to 42 *” oo oo 165 17.0 
Chlorate of potash, with 50 to 60 per cent. 
fo sak «ais lies 6a gas” ena a 
Chlorate of potash with over 60 per cent. 
oO gee eos eee eos eee «. 32.0 29.0 
Sulphate of potash with over 42 per cent. 
K,0 see ean eos wee eve «. 38.0 35.0 
Sulphate of potash and magnesia ... 340 31.0 


The new prices must not be exceeded for an increase of 
1 per cent. of K,0. The present prices were fixed by 
law on May 25, 1910, the prices for raw salts with 12-15 
per cent. K,O, and for menure salts with 40-42 per 
cent. K,O, however, having ‘n the meantime been raised, 
in September last year. The Legislature in September 
last took steps to assist the industry. The decrease in the 
sale has since then become even more serious. The 
home sale of alkali products in the year 1915 certain! 
only shows a decrease of 7.2 per cent. as compared wit 
1913, but the aggregate value of the sales has been very 
unfavourably influenced by the material decrease in the 
sale of the most valuable products of the alkali industry. 
This decrease is attributable to the reduced requirements 
of the German chemical industry. The export of alkali 
salts is almost exclusively confined|to Sweden, Norway 
and Denmark, the Netherlands, Switzerland and the 
occupied districts of Belgium, France and Russian Poland. 
The export to other neutral countries, on account of the 
possibility of the goods being sold again to hostile 
countries, for the production of explosives, has had to be 
reduced to a minimum, The Kali Syndicate held a 
meeting on April 10 to discuss the new measure. It 
was stated that the pro increase would amount 
to some 7,500,000 marks a year additional income, 
whereas the rise in the cost of labour, coal, lubricants 
and other materials represented an additional outlay 
of from 25,000,000 marks to 30,000,000 marks. It was 
unanimously agreed to appeal to the Legislature for an 
increased rise in the quotations. 





SURFACE-TENSION EFFECTS IN METALS. 


Surface-Tension Effects in the Inter-Crystalline Cement in 
Metals and the Elastic Limit.* 
By F. C. Taompson, M.Met., B.Sc. (Demonstrator in 
Metallography in the University of Sheffield). 


(Concluded from Page 514.) 


Effects of Temperature on the Mechanical Properties of 
Metals.—The complications introduced into the study 
of the influence of temperature on the mechanical pro- 
perties of iron, as a result of the allotropic changes, and 
of the marked influence of even small amounts of carbon, 
render it difficult to use this metal to determine how far 
the temperature changes in the mechanical properties 
to be expected from the surface-tension theory of elastic 
strength agree with the experimental results. A metal 
free from such disadvantages, such as copper, will 
therefore be considered. As has already been em- 
phasised, the normal fracture of a ductile metal at room 
temperatures passes through the body of the crystals. 
At the same time the crystals are pulled out, and slipping 
along cleavage planes occurs. Above a certain tempera- 
ture, however—720 deg. Cent. in the case of copper— 
the fracture changes entirely in type, and now passes 
through the intercrystalline regions. The crystalline 
matter is not a. deformed, the metal having 
become typically brittle. This remarkable change is the 





result of the gradual loss of strength of the inter- 





Load 














For a pure metal, however, the curve will not be straight. 
When such a temperature is attained that the crystalline 

wth has an appreciable velocity, the term n of the 
equation (3) starts to decrease rapidly, and with it the 
elastic limit. This curve in the diagram will therefore 
bend downwards. The values of the elestic limit of 
copper just obtained by simple extrapolation will err 
notably on the high side. The curve showing the relation- 
ship of the elastic limit of copper to temperature has, 
however, been obtained by Huntington, and is exactly 
of this type. 

It will thus be seen that evidence drawn from the 
temperature changes of the mechanical properties of 
metals is in excellent agreement with the facts. 

Before passing to a consideration of the properties of 
iron and steel in the light of the theory, two further 
related points may be briefly dealt with. 

The remarkable effect of reducing atmospheres on 
certain metals, e.g., copper or platinum, is well known. 
Almost total loss of strength and intercrystalline fracture 
in normally ductile metals results, even when chemically 
no change can be detected. The solution of gases by 
metals in the solid state is a well-established fact, and 
such gases should exist chiefly in and around the 
amorphous modification. Such a condition may well 
result in a thickening of the intercrystalline films, and 
since the strength of the boundaries is inversely propor- 
tional to this dimensoin, the elastic limit must fall. If 
the loss of strength is such as to cause the films to become 
weaker than the crystalline matter, fracture in tension 
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crystalline junctions. So long as these are stronger than 
the crystals, so long is the low-temperature type of l 
fracture found. When the conditions are reversed inter- | 
granular weakness results, and the fracture passes between 
the crystals. 

This loss of strength of the cement has been explained 
in a perfectly satisfactory manner by the reversion of the 
extremely viscous under-cooled liquid to a more mobile— 
and hence weaker—state. The present hypothesis, 
however, still affords a simple and rational explanation 
of these facts. The value of the surface tension decreases 
as the temperature rises, the crystals grow in size at the 
same time, é.e., n in equation (3) deereases, and Van der 
Waals has shown that surface films may increase in 
thickness as the temperature is raised, ¢#.e., d increases. 
Thus every term in the equation (3) changes in such a 
way as to reduce the value of the elastic limit, as a result 
of this temperature increase. When the crystalline part 
of the mass has become stronger than the junctions 
intererystalline fracture will occur, and the stress sufficient 
to overcome the cohesion of these will be sufficient to 
smash the specimen. Hence the maximum stress —' 


coincides with the elastic limit. Since 





= is a measure of | 


the strength of the crystalline junctions, it ienibanie 
also, above the temperature at which the order of the 
relative strengths of these and the crystals changes, 
the maximum stress. Below this temperature it is a 
measure of the elastic limit; thus in the curve tensile 
strength-temperature an abrupt change should occur. 
This is in entire accord with the results obtained by 
Bengough and Hanson with copper. Fig. 5 shows the 
— curve which these investigators obtained. 

he interesting corollary arises from these considera- 
tions that the elastic limit curve below the inversion 
temperature should be a continuation of the maximum 
stress curve above. The paper quoted does not contain 
the values of the elastic limits, but if the curve above P 
be continued back the value of the limit at room tempera- 
ture for annealed copper broken in air is 3 tons per square 
inch, and for hard-rolled copper 6 tons per square inch, 
results of approximately the right order of magnitude, 





* Paper read before the Iron and Steel Institute, May 5. 





must pass between, instead of through, the grains. An 
increase of thickness of the films of 10-° cm.—one two 
hundred and fifty thousandth of an inch—will lower 
the elastic limit by a half. In the case of the copper 
already investigated, this effect would be produced by 
about 2.5 x 10-8 grammes of hydrogen per cubic centi- 
metre between the grains. : 

The next point of interest is the effect of intercrystalline 
films of extruded matter upon the mechanical strength 
of metals. The classical examples of such films are those 
first examined by Professor Arnold and J. Jefferson,(2!) 

roduced by traces of bismuth on gold and copper. The 
bismuth was in each case present as an intercrystalline 
film around the ductile crystal of perfectly unchanged 
gold or copper. As in the previous case, however, the 
material was almost devoid of tensile strength, and 
broke with the typical intercrystalline fracture of a 
metal in which the crystalline boundaries have lost their 
strength. If plates of two different materials are placed 
in a liquid which wets one only, the attraction found 
where the plates are both wetted is replaced by a repulsion. 
If a similar condition be assumed at the junctions of the 
grains and the cement, the pernicious effects of the latter 
are explained. The attraction normally present at the 
crystalline boundaries is absent, whence the cohesion 
of the mass should be, as it actually is, practically 
non-existent. 

Application of the Theory to Iron and Steel.—The 
surface-tension theory of the elastic limit here outlined 
has been examined hitherto in connection with the 
properties of simple metals free from the complicating 
influences of allotropic transformations, or of the 
addition of other substances. The extension of the 
theory to steels is a matter of great difficulty, but its 
very general applicability to the simpler cases considered 
renders belief in its action in the less simple ones easier. 

The stress-strain diagram of a normal mild steel is, 
as has been shown, in complete accord with the theory. 
Alternating stress tests also give results which are to be 
expected, and which can be readily explained. 

e have already seen that the theory affords the 
explanation of the well-recognised fact that a finely 
crystalline metal is more dependable than a coarse one, 
the larger areas over which the surface-tension attractions 
can occur giving a corresponding higher elastic limit, on 
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which the dependability from the point of view of 
engineering construction largely depends. 

In a similar fashion it is to be expected that the degree 
of fineness of division of the carbide of the pearlite in 
steel is amongst the factors capable of influencing the 
mechanical properties. It has been shown by Professor 
Arnold (2) that the influence of over-annealing on the 
elastic properties of steels is extremely marked. Con- 
sidering a pure carbon steel of 0.9 per cent. carbon 
content—i.e., one consisting entirely of pearlite—the 
elastic limit in the normal condition is approximately 
24 tons per sq. in.—.e., 1 ton less than the yield point. 
The identical steel when annealed for 72 hours at 1000 deg. 
Cent. possesses a true elastic limit of only 14 tons per 
sq. in. (yield point less 3 tons). Now, the only micro- 

phic change involved is in the degree of fineness of 
the carbide plates, and chemical change there is, so far 
as we know, none. Further, there is so far no reason 
whatever to believe that the molecular arrangement of 
the iron is affected. The marked loss of elasticity is 
therefore, on the basis of the older views, extremely 
difficult to explain. The theory at present under con- 
sideration, however, fits in well. Between the ferrite 
and the carbide plates surface-tension forces are as much 
to be assumed as between two crystals of iron, and 
formula (3) should therefore apply equally. For the 
same quantity of F;,C—i.e., the same carbon content of 
the steel—the aggregation of the carbide into larger, 
thicker plates in the annealed steel results in a loss of 
area across which attractions are found. Hence the 
elastic limit in the annealed state, which is determined 
by this area of the iron-iron carbide junctions, should 





be, as it actually is, lower in the annealed steel than in 


interface attractions, and hence the high elastic limit is 
a necessary deduction from the theory. 

The tempering of such a steel yields a pearlite in its 
maximum de, of fineness, which coexists with a 
yield point of about 60 tons per sq. in. 

It has thus been shown that the refining action on 
the scale of the crystallisation of a steel resulting from 
the addition of other metals produces a high elastic 
limit, as the theory demands. It is possible, however, 
to explain the refining action itself from which such 
fundamentally important practical results accrue as a 
result of the fact of surface tension. When a mass is 
crystallising, either from fusion, or in the solid, at a 
critical temperature, the existence of surface tension 
at the boundaries tends to diminish the surface area 
across which it acts, or, in othér words, to promote 
crystal growth. Now the general, though not universal, 
tendency of an added element, if it enters into solution, 
is to reduce the value of the surface tension—in other 
words, to render the smaller crystal less unstable. Hence 
the addition of an alloying element which is present 
in solution exerts a tendency to reduce the size of the 
crystal. This action, well illustrated in nickel, manganese, 
chromium, or tungsten steels, is, however, equally well 
defined in non-ferrous alloys, the addition of nickel to 
a 70/30 brass producing the “ nickel-silvers,’ or the 
addition of manganese (even 0.25 per cent.) to these 
resulting in every case in a profound diminution of the 
crystalline size. 

We may now consider in what way the mechanical 
properties of a steel should alter as the carbon content 
is incre: 





Consider a plain carbon steel with x per cent. (less 


Strength of a plain carbon steel, whose carbon content 
is below 0.45 per cent., is represented by the equation :-— 


22 22 
E=17 12{1— —— 
09 * ( F) 
= lla + 12 tons per sq. in. 
As the carbon content rises above 0.45 per cent., being, 
however, still less than 0.9 per cent., ferrite-ferrite inter- 


faces disappear, being replaced by those in which two 
pearlite grains adjoin. The elastic limit is now :— 


9 2 Tw 0.9 — x 4 2T» 22—0.9 
dp 09 d, 0.9 
where 2T, is the elastic limit of an all-pearlite—+.e., 


” 
0.9 per cent. carbon—steel. The 0.9 per cent. carbon 
steel of Arnold’s normalised series has an elastic limit 
of 25 tons per sq. in. 


0.9 — x 
.. E (0.45 — 0.9) = 2.17 
(0.45 — 0.9) = 2.17 “0S 


= 9 + 18 & tons per sq. in. 


Thus as the carbon is raised from 0.0 to 0.9 per cent., 
the elastic limit increases as a linear function of the carbon 
content to 0.45 per cent., and then more rapidly to the 
saturation point. This result is in agreement with 
Fig. 1 of Professor Arnold’s paper already quoted. That 
the mechanical properties of carbon steel should alter 
above 0.45 per cent. carbon is a result to be expected 
from the microstructures. A mild steel, such as a boiler 
plate, is composed of a matrix of soft ferrite with hard 
grains of pearlite embedded in it. When, however, the 


22—0.9 


5 
+5 0.9 
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the normal one. When this segregation of the carbide 
plates proceeds until the structure is essentially one of 
ferrite, with dot-like masses of carbide dispersed through- 
out, the mechanical properties should be so poor as to 
render the steel almost valueless, a result in entire 
agreement with that of practical observation. 

Again, exactly the same fact is capable of offering a 
partial explanation of the remarkable properties of 
certain alloy steels. The very remarkable influence of 
vanadium on steel is now well known. Even when the 
addition does not exceed 0.2 per cent., the elevation of 
the elastic limit is remarkable. The yield point of such 
a steel containing 0.71 per cent. carbon as received from 
the rolls is 44 tons per sq. in.,(23) while a similar steel 
free from vanadium in the same condition has a limit of 
elasticity of only 20 tons per sq. in. (obtained from Pro- 
fessor Arnold’s paper already mentioned). The micro- 
structure of the vanadium steel was characterised by 
the fineness of division of the carbide in the pearlite, 
which would provide sufficient area between the two con- 
Stituents to strengthen the mass to a much higher 
degree than would be the case in the comparatively 
coarse pearlite of the plain carbon steel. Since almost 
the whole of the metals intentionally added in practice 
render the microstructure of the alloy fine, both as 
regards the size of the individual crystals of ferrite and 
of the carbide plates in the pearlite, the theory would 
demand that, as is actually a fact, these steels should 
all be characterised by elastic properties far superior 
to those of an alloy of iron and carbon only. 

Concerning the properties of steel hardened and 
tempered little can be said. Changes in the condition of 
the carbide, and, conceivably also, of the iron itself, 
render the problem so complex that the unravelling of 
a single thread is well-nigh impossible. Such observa- 
tions, however, as it is possible to make are still in accord 
with those to be expected. Such steels are distinguished 
‘rom similar ones in the normal condition by their high 
elastic limit, and the high ratio of this to the maximum 
stress. Alongside this fact is the very minute scale of 
the crystallisation. The hardenite formed from a plain 
carbon steel with 0.9 per cent. carbon heated slowly to 
just above the critical point Aci, o, 3, is micrographically 
amorphous, but the crystallinity found in such a steel 
quenched from too high a temperature is justification 
tor believing that even when the quenching temperature 
's only just above the critical point the mass is still 
crystalline, but on an ultra-microscopic scale. Such a 
crystallisation would present a considerable area for the 
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than 0.45 per cent.) of carbon. Then since at 0.9 per 
cent. of carbon the mass is composed entirely of 
pearlite, the fraction of the area of any plane of section 


composed of this constituent is Now across any 


x 

0.9° 
plane of section the total resistance to yielding is the 
sum of the resistances due to the attractions of the 
ferrite to ferrite and to pearlite. 

Since with a carbon content of less than 0.45 per cent. 
the ferrite is in excess, each grain of pearlite will be in 
contact with that constituent, and across any surface 
within the mass the area of the ferrite-pearlite interface 


will be 2 és (since pearlite below will be in contact with 


ferrite above, and the pearlite above also in contact 
with ferrite below. If the black areas of Fig. 6 are 
pearlite below, and the shaded ones the same constituent 
above, the surface under consideration, it will be seen 
that the total ferrite-pearlite interface is twice that of 
the pearlite in the section). 


The remaining area 1 — 2 will be that across 


x 
0.9 
which ferrite crystals adjoin each other. 

Thus if T, is the surface tension of the ferrite-ferrite 
boundaries, and T,s the corresponding value for the 
pearlite-ferrite junctions,* the elastic limit of the surface 
will be, according to equation (2) :— 


2Ty 22 ,2Ty 1-75) 

dy 09° dy 0.9)" 
Now when the carbon content is 0.45 per cent., the 
volumes of ferrite and pearlite are the same, and all 
junctions should find the ferrite and pearlite opposed. 


Hence it may be assumed that aoe is the elastic limit of 


rf 
a plain carbon steel with 0.45 per cent. of carbon. The 
results given by Arnold show that this value is in the 
normal state 17 tons per sq. in. (taking the elastic 
limit as the yield point less 1.5 tons). 
We have already seen that for pure iron in the normal 


Ty Therefore the elastic 


state ” is 12 tons per sq. in. 





* To speak of the surface tension of an aggregate such 
as pearlite is scientifically inaccurate. In the present 
case what is really used is a hypothetical value which is 
equal to the average, due to the ferrite and carbide 
constituents. 
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semi-saturation point is passed, the structure is replaced 
by a hard framework of pearlite, with ferrite merely as 
infilling. It is to be expected that the mechanical 

roperties of two such very different structures should 
be governed by different relationships. 

Through the kindness of Professor Arnold I am 
allowed to record here the remarkable mechanical pro- 
— of a drastically overannealed shaft of acid open- 

earth steel of the following composition :— 


Per Cent. 
Combined carbon 0.26 
Silicon 0.05 
Manganese 0.57 
Sulphur 0.043 
Phosphorus ose 0.054 
Iron (by difference) ee 99.02 


The material endured 268 alternations under standard 
conditions in the Arnold alternating stress testing- 
machine when stressed longitudinally, and 206 when 
stressed transversely. Such a steel should have endured 
340 + 20 alternations with the first direction. Further, 
the results were erratic, the highest individual test (of 
sixteen of which the figures recorded above are the 
mean) being 322, the lowest 218, both being specimens 
cut longitudinally. It was, however, in the tensile, and 
especially in the elastic, properties that the material 
most clearly showed its remarkable condition. A test- 
piece with 2 in. turned accurately to 0.564 in. diameter, 
when loaded normally—.e., fairly rapidly—gave the 
stress-strain curve a, Fig. 7. The true elastic limit 
appears to be about 10 tons per sq. in. When, however, 
the rate of loading was diminished and 5 minutes allowed 
to elapse between successive additions of 1 ton per sq. in., 
the curve 6, Fig. 7, was obtained. The true elastic 
limit is now below 4 tons per sq. in. When a 10-minute 
halt was allowed at each load the curve c, Fig. 7, was 
registered. Curve d is that of the permanent set in the 
last case when the load was removed, after being main- 
tained for 10 minutes at each load. The true elastic 
limit is therefore certainly not greater than 4 tons per 
sq. in. Fig. 8 shows the growth of the elongation with 
time under several loads, and clearly shows that even 
after 10 minutes the piece was still yielding, though at 
a gradually diminishing rate. 

One sample of this steel was then normalised at 850 deg. 
Cent. and cooled in air, and a second heated to 850 deg. 
Cent., quenched in oil, and tempered at 350 deg. Cent. 
The elastic curves of these specimens are shown in 





Fig. 7, e and f, Clearly marked limits of elasticity are 
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seen at 15 and 17 tons respectively. These treatments 
had entirely removed the remarkable inelasticity of the 
original material. The examination of these steels 
from the — of view at present under consideration 
becomes of the highest interest. 

Micrographs Nos. E, F, and G show the structure, at 
magnifications of 80 diameters, of the steels respectivel 
as received, normalised, and oil-quenched and tempered. 
The annealed and normalised specimens are oy 
interesting, since only comparatively small differences 
in the condition of the carbon will obtain. The number | 
of crystals per centimetre length were measured as before, 
in each sample, and are recorded below, with the corre- | 
sponding elastic limit. 





TABLE V. } 

— — — - a 

Number of Elastic Thickness | 

; Crystals Limit. of Film | 

Condition. per Tons per x 10-6Centi- | 

Centimetre.| Sq. In. metres. | 

} 

--— 
Drastically annealed... 168 | 4.0 4.46 
Normalised . eee ove 416 | 15.0 1.16 
Oil-quenched and tempered 500 (?) | 17.5 | 1.06 

| 





The elastic limit is an almost perfectly direct function | 
of the number of crystals per centimetre. For pure | 
metals the elastic limit is proportional only to the one- | 
third power of the number of crystals per unit length | 
(equation 3). The influence of the degree of fineness of | 
the pearlite in a steel, in addition to the size of each | 
erystal of iron or grain of pearlite, will further increase 
the dependence of the elastic limit of a steel on the micro- 
graphic size, whence the greater dependence of the 
elastic limit on n is to be expected. Using equation (2) 
to obtain, at ~~ rate, an approximation to the thickness 
of the films in the different samples, we obtain the values | 
recorded in Table V. The values for the normalised and 
quenched steels are practically identical with those for | 
pure iron and for nickel. The films in the drastically | 
annealed steel possess, however, a thickness very much | 
greater. This increase in the thickness of the film as | 
the ra reg 4 of the cooling decreases has already been | 
noticed in the samples of pure iron. This would probably | 
not be nen, but rather a thinner film of non-crystal- 
line metal. 

During the recrystallisation of the iron, however, at a | 
sudden critical point with a normal rate of cooling, the | 
velocity of the recrystallisation must be rather great, the | 
crystals growing very rapidly from a series of sommes. | 
Under these circumstances it is not improbable that the | 
tendency will be for each crystallisation to overshoot | 
its normal limits before being restrained by the influence 
of adjacent ones. Thus in normally and quickly cooled 
materials the films may be thinner than correspond 
to a condition of equilibrium. A more or less prolonged | 
reheating, however, at temperatures just below that at | 
which the recrystallisation occurs will subsequently 
allow the conditions of the quickly cooled metal to pass 
into the more stable state, and in time, for the process | 
may be expected to be a slow one, molecules leave the | 
a at the boundaries, reverting to the amor- 
phous arrangement. A subsequent normalising, i.e., a 
reheating just above the upper critical point, by breaking 
up the whole structure, combined with more or less rapid | 
cooling, will cause a reversion of the films, and hence of | 
the pectin. to the normal type. 

The mechanical properties of the steel as received, 
noma at and oil-quenched and tempered are recorded 
in Table VI. 


Taste VI. 
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The maximum stresses and Brinell hardness numbers 
(taken with a 10-mm. bali and pressure of 3000 kilogs. ) 
of the annealed and normalised steel are of interest on 
account of their great similarity in the two samples. 


on the crystals themselves—this result is to be expected. | 
It is exceedingly difficult to see how such a process as 
annealing can affect the crystalline arrangement of the 
grains. Apart from critical points, soaking and slow or 
quick ae vy, ange hardly affect the crystallisation at 
all, Traube has shown, and other results on the present 
paper have confirmed his conclusions, that the hardness 
of a metal is determined by vhe intrinsic pressure of 
the crystals. Hence, since the hardness of the annealed 
and normalised steels are coincident, we are justified 
in assuming that the crystallinity in the two cases is, 
as would certainly be expected, identical. It is evident, 
therefore, that the elastic limit of the metal does not 
depend primarily on the crystals, since this value is 
4 tons per sq. in. in one case and 15 tons in the other. 
If the elastic limit is not chiefly dependent on the 
ery ine masses themselves, it must, as the present 


theory demands, be chiefly determined by the inéer- 
crystalline boundaries. 

It can thus be stated with a fair degree of confidence 
that the factors which primarily govern the tensile 


| by the thic x 
| quantity of the amorphous modification 
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If, | 
as has already been suggested (vide infra), the hardness of | 
a metal depends chiefly on the intrinsic pressure—i.e., | 


strength of a metal and its elastic limit are not the 
same. The maximum stress depends chiefly on the 
crystals themselves, the elastic limit being determined 
by the nature and extent of the inter-crystalline junc- 
tions. A certain degree of parallelism of the two pro- 

rties is, however, to be expected, since, as has already 

m seen, the intrinsic pressure of the crystals and 

the surface tension run side by side. 

If the basis hypothesis of an intercrystalline cement 
around the pooch grains be true, and if, for any reason, 
the thickness of the films in a sample be increased, it 
is to be expected that Young’s modulus will alter. 
The extension under strain, being the sum of the elastic 


| extension of the crystalline material and of that due 


to the viscous flow of the cement, will alter according 
to the relative proportions of the two constituents. 
Whether an increase in the amount of the cement will 
increase or decrease Young’s modulus for that material 
can only be determined by experiment; but if the 
assumptions are correct, it should change with changing 
quantities of the non-crystalline material. 
By multiplying the number of crystals per unit length 
Ate of each film, an ap roximation to the 
resent is 
obtained. This has been done for the samples of iron 
and steel in Table VII. 
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The value of Young’s modulus for both the normalised 
and quenched and tempered steels is about 32,000,000 Ib. 
per sq. in., and these contain about the same quantity 
of the amorphous variety. For the drastically annealed 
sample, which, if the measurement of the thickness of 
the films made here be correct, contain 50 per cent. 
more of the amorphous material, Young’s modulus is 
38,000,000 Ib. per sq. in. 


SuMMARY. 


1. The idea previously put forward by several workers 
that surface-tension forces act within the amorphous 
modification between the crystalline grains in a metal 
is adopted and utilised to give a measure of the elastic 
limit. 

2. The theory affords an explanation of the elastic 
limit, yield point, and the chief effects of strain, both 
static and dynamic, on metals. 


3. By the aid of the relationship E = ” a where E is 


the elastic limit, and T the surface tension of the non- 
crystalline material, a measure of the thickness of the 
films d in several metals can be obtained. 

4. The loss of strength of a metal such as copper 
(free from the complicating influence of allotropy) as 
the temperature is raised receives a ready explanation 
in terms of the theory. 

5. The increased elastic limit of alloy steels compared 
with a plain carbon steel, and of steel with a fine structure 
compared-with the corresponding coarser material, is 
in accord with the theory's demands. The change of 
strength of steel with the carbon content can be foretold 
and is in accord also with practical observation. 

6. The conditions governing the tensile strength or 
hardness of a material and its elastic limit, though 
running parallel, are yet distinct. The hardness is due 
chiefly to the composition of the crystalline part, the 
| elastic limit depending on the intercrystalline boundaries. 
To Professor J. O. Arnold the author is in the highest 
| degree grateful for permission to use the results on the 
| annealed shaft made for him, and for facilities, advice, and 
suggestions throughout the whole course of the work. 
The most sincere thanks of the author are due to Sir 
| Robert Hadfield, at whose suggestion this paper was 
| prepared, for his constant encouragement, pe to his 
| assistant, Mr. Main, for the proof of equation (2). 
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COLONIAL AND FOREIGN 


PROJECTS. 

WE give below a few data on several colonial and 
foreign engineering projects, taken from the Board of 
Trade Journal. Further information on these projects 
ean be obtained from the Commercial Intelligence 
Branch, Board of Trade, 73, Basinghall-street, London, 
E.C. 


ENGINEERING 


Australia.—The State Rivers and Water-Supply Com- 
mission has approved of a water-supply scheme for 
Frankston, Mornington, Flinders naval base, and other 

laces in the Mornington Peninsula (Victoria) from the 
| ~wnear th River. The cost of the undertaking is estimated 
at between 100,000/. and 170,000. 


Portugal.—The Diario do Governo, Lisbon, publishes the 
text of a Bill, presented to the Portuguese Senate, to 
authorise the Municipality of the Isle of Santo Antio 
to raise a loan to the amount of 50,000 escudos (about 
7100/7. at current rate of exchange) to be devoted to 
the construction of irrigation canals for agricultural 
purposes. 


Italy.—The Gazzetta Ufficiale, Rome, publishes a Law 
granting a concession to the Municipality of Rome 
for the construction and working of a normal-gauge 
electric railway from the Piazza Venezia to Ostia Nuova. 
The same journal contains a further Law authorising 
the completion of the Aulla to Lucca railway, comprising 
the construction of the sections Castlenuovo di Gar- 
fagnana—Piazza al Serchio; Piazza al Serchio— 
Minucciano ; Minucciano—Molino d’Aiola; and Molino 
a’ Aiola—Monzone. 


Argentina.—The Boletin Oficial, Buenos Aires, 
publishes a Decree authorising the Argentine Sanitation 
Works Department to allot the sum of 50,000 pesos 
currency (about 43801.) for the survey and preparation 
of a scheme for the installation of a sewerage system in 
the town of Mendoza. 

Republic of Colombia.—The Diario Oficial, Bogotii, 
publishes a Decree reconstituting the Commission 
appointed to survey the projected Cucuta-Rio Magdalena 
Railway, dividing it into two sections, with three engi- 
neers in each, under the direction of the chief engineer. 
One of these sections will continue the survey of the route 
from Ocafia to Puerto Araujo, and the other will study the 
route from Ocafia to the Rio Magdalena. Both of the 
surveys are to be completed, if possible, before 
December 31 next. 





Tue CANADA YEAR-Book, 1914.—This year-book has 
recently been issued. It is published by authority of the 
Hon. Sir George E. Foster, K.C.M.G., M.P., Minister of 
Trade and Commerce. The price is one dollar. It gives 
a map of Canada and deals in detail with the Constitution 
and Government of the Dominion; its physical charac- 
teristics ; area and population ; production; trade and 
commerce; transportation; finance, &c. The book 
measures 9 in. by 64 in., and contains close upon 700 pages 
of data and statistics, reference to which is facilitated by 
an excellent index. 


Sream Sarety Vatves.—In a paper recently read 
before the American Society of Mechanical Engineers, 
Mr. G. H. Clark states that some difficulty is being met 
with in providing sufficient safety valve area for modern 
boilers. The old rules, based on the amount of heating 
surface or on the grate area, are now inadequate in 
view of the way in which modern water-tube boilers 
can be forced. A boiler rated at 500 horse-power 15, 
in fact, capable of generating 45,000 lb. of steam per 
hour. Such a boiler is, he says, commonly fitted with 
three 4-in. safety valves—viz., two on the drum and 
another on the pipe leading from the superheater. 
With the maxmium lift allowed by the regulations, each 
valve (under 200 Ib. pressure) has a prone. capacity 
of 9420 Ib. per hour, so that to be capable of passing 
the whole of the steam generated five valves would be 
required instead of three. Again, a Stirling boiler has 
been built rated at 2356 horse-power, but actually 
capable of producing 148,000 lb. of steam per hour. 
The la valves permitted are 4} in. in diameter, 
and with the limit of lift allowed eleven valves would 
be required te pass the quantity stated, taking the 





working pressure at 200 lb. gauge. 


JUNE 2, 1916.] 


ENGINEERING. 


543 








“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRAOTS OF RECENT PUBLISHED 
OATIONS UNDER THE AOT OF 1907. 
pent Glan} aaa in a 
Where inventions are communicated from abroad, the Names, é&c., 
of me pm iven in ~ ones, 
Branch 25, Southampton Buildings, Chancery-lane, W.C., at 
mee of a Complete 
abstract, unless the 


of 
ive notice at the Patent 0; to 
ee | Seana A 
ELECTRICAL APPARATUS. 


1091/15. Storing Teeepeene and Electric Company, 
Limited, and T. D. Ward-Miller, London. Wireless 
gs. (5 Figs.) January 22, 1915.—This invention 
relates to detectors, such as are employed for wireless telegraphy, 
constructed in cartridge form. The object of the invention is to 
provide for withdrawing the b of the tact from one 
another for purposes of transport and so forth, toavoid any possi- 
bility of damage in transit, while at the same time retaining the 
feature that the position of contact between the two contact 
members can be varied as desired. In accordance with the present 
invention, one of the elements forming the detector contact is 








normally, when in use, spring-pressed against the other element, 
but can be withdrawn against the spring pressure by means of an 
external handle, and is also provided with means for retaining it | 
in the withdrawn position for purposes of transport and 60) 
forth. A single cartridge-detector 1 is shown in connection with 

contacts upon an ebonite base 2. It is obvious that any number | 
of such detectors may be mounted upon asingle base side by side. 

The holders for the cartridges each consist of a pair of spring- 

clips 3 upstanding from the base 2, ending at the top in splayed | 
arms 4 for the purpose of embracing the ends of the cartridge. 
The clips are eecured to the base by screws 5, which also screw 
through contact-bars 6 and hold these latter in place. The bars 6 
are provided with screws 7, which are merely terminals. The arms 
3 are stam as shown in Fig. 1 at 8, with the object of slightly 
stiffening the springs. The cartridges each consist in the main of 
a cylindrical protecting-case 9 of ebonite or other suitable insu- 
lating material. Upon each end of the cylindrical case 9 a metal 
sleeve or cap 10 is provided, and it is this cap which is embraced 
by the spring-arms and forms the terminal of the cartridge- 
detector. In the drawing the capis shown secured to the ebonite 
by means of a screw-thread, but small pins may be employed for 
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ensuring that the caps do not become loose. Metal plugs 11, 12 
pass through the centres of the caps 10. Each of these plugs is of 
a smaller diameter at its outer end, but is screw-threaded 
throughout its length. The larger screw-threaded portions 13, 14 
screw into the inside of the ebonite casing. The left-hand plug 
11 is recessed at its inner end, as shown, to form a cup whieh 
receives the detector material, which may be in the form of a 
crystal 15 cast into the cup in well-known manner. The right- 
hand plug 12 is oe bored throughout its whole length. A 
metal pin 16 passes completely through the bore of this plug, and 
on its outer end carries an insulating handle 17. At the other end 
it extends into the insulating casing 1, and at its extreme end 
carries a metal cup 18, which carries the detector material 19, 
which co-acts with the material 15. This may again be a crystal, 
and is preferably pointed, or, instead, may be a metal point. 
Preferably it is so mounted that the point is eccentric to the pin 
16, 80 that, on rotating the handle 17, the point of contact be- 
tween the detector point and the surface of the crystal 15 varies. 
A helical spring 20 surrounds the pin 16, and is in a state of com- 
pression between the cup 18 and the inner end 14 of the plug 12, 
and thus serves to keep the detector point 19 in contact with the 
surface of the crystal 15. The smaller end of each plug projecting 
from the insulating casing 1 receives first of all a thin washer 21, 
and nexta nut 22 of ebonite or other suitable material, and then a 
metal clamping-nut 23, On the right-hand plug, however, there is 
a further nut 24, of ebonite with a metal bush. The action of this 
last nut is as follows:—When screwed home, as shown in Fig. 1, 
the detector point 19 is in contact with the surface of the crystal 
15; but if the nut 24 be screwed outwards, it comes into contact 
with the handle 17, and if the unscrewing be persisted in, pushes 
the handle 17, the pin 16, and the cup 18 outwards. Hence it 
withdraws the detector point 19 while compressing the spiral 
Spring 20. (Accepted January 19, 1916.) 


23,938/14. The British Thomson- Houston Com- 
pany, Limi London (Generat Electric Company, Schenec- 
‘ady, U.S. 4.). eters. (9 Figs.) December 11, 
1914. This invention relates to electric meters, and more par- 
ticularly to attaching shoes for the permanent magnets thereof. 
According to this invention, the method of securing a supportin, 
member to a permanent magnet consists in forcing the supporting 
member into intimate tact with the t under iderabl 





€ | occur only when the heated electrode is negative. 


observed that the projections 18 are the only 
tion 12 of the shoe in actual contact with 

the remainder of the base portion extends substantially 
to the longer of the two parallel sides of the magnet, but 
rated therefrom be a narrow air space. The shoe is cast of com- 
position metal, and issecured to the magnet in its cast condition 
without any previous machining. Since it is substan’ im- 
practicable to cast the shoe so that the base 12 a 
perfectly plane surface, it is necessary to provide the projections 
13, which form four points of support for each magnet and serve to 
satisfactorily position the magnet with respect to the shoe, regard- 
lees of any irregularities upon the adjacent surfaces of these two 
members, The base portion 12 of the shoe is provided with a 


of the base por- 


Peepe- 





(23938) ait 

central boss 14, which detetmines the minimum distance between 
the two magnets 10. The shoe 11 has integrally attached thereto 
two pairs of lugs 15, each pair of lugs being adapted to firmly 
secure one of the permanent magnets 10 to the shoe. It will be 
observed that the lugs 15 are designed to engage with the two 
non-parallel sides of the magnet. In shoeing the magnet, the 
magnet is first placed in its proper position with r ct to the 
shoe. The magnet and shoe thus assembled are placed in a power 
press, and the press is then operated to squeeze or force the lugs 
15 into very intimate contact with the non-parallel side of the 
(eet) @ pressure of several tons per square inch. 
(Sealed. 


6807/15. The British Thomson-Houston Comp 
Limited, London (General Electric Company, Schenectady, 
U.S.A,). X-Ray Apparatus. [1 Fig.) May 6, 1915.—The 
present invention relates to apparatus for viewing objects by 
means of X-rays, whereby shadow images in stereoscopic relief are 
produced. In such apparatus a pair of X-ray tubes or two 
pairs of electrodes in a single tube are alternately subjected to 
current impulses in the proper direction to produce X rays, and 
the images are viewed in rapid succession, first by one eye and 
then by the other, through apertures opened by a synchronously- 
operated rotary shutter, so that, — to the persistence of 
vision, the images blend, and are seen in stereoscopic relief. A 
necessary feature of such apparatus hitherto has been contact- 
making or commutating devices for producing current impulses 
in the proper direction. According to this invention, X-ray tubes 
of unidirectional conductivity are employed, so that the electrodes 
may be directly, and, during operation, permanently connected 
to a source of alternating current, the ie of one r of 
electrodes and the anode of the other pair being directly con- 
nected to one terminal of the source, and the other two elec- 
trodes—anode of one pair and cathode of the other respectively— 
being directly connected to the other terminal of the source. 
The ——— tubes 1, 2 are of the rectifying or unidirectional 
conductivity type. These tubes each have a cathode 8 com- 

rising a refractory material, such as tungeten, adapted to be 

eated toincandescence. The cathode is preferably of filamentary 
form, and, as indicated, is surrounded by a conductive ring con- 
nected to the cathode, whereby the static field near the cathode 
is caused to radially direct or focus the electron diecharge emanat- 
ing from the cathode upon an anode 4, also preferably consisting 
of tungsten. The space within the tube is evacuated to such 


Fig 4. 
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e magnet, and that | b 


secured by a flexible shaft 17 driven 
 @ synchronous motor 18. This motor preferably is connected 
by the conductor 19 to the source of current whereby the trans- 
former 6 is —— When an object to be observed by 
means of the X-ray tubes 2 between the screen 11 
and the two X-ray tubes, and shutter is rotated in syn- 
cbronism with the current impulses in the tubes, as above 
described, a succession of images upon the screen 11 may be ob- 
served. The alternations of the current are so chosen that the 
succession of images will blend by persistence of vision to pro- 
duce upon the observer the effect of a continuous shadow image 
in ——— relief. The current taken by the tubes 1 and 2 may 
be regulated by ae, the filament temperatures by means of 
the variable nces 20, 21, to be substantially the same, and 
this adjustment of current will remain invariable. The tubes 
1, 2 when taking the same current and operating from a common 
source will give rays of substantially equal intensity. The hard- 
ness may be varied at will by changing the transformer voltage. 
It will be observed that this arran: t possesses the advan- 

of extreme simplicity, as no complicated circuit-closing 
appsratus is requi to energise the X-ray tubes during the 
d time intervals. The synchronism between the revolution 
of the shutter and the like successive illumination of each of the 
tubes is necessarily rigidly maintained, as the shutter may be 
operated by the same source of alternating current that is im- 
pressed upon the X-ray tubes. (Sealed.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 
2876/15. Sir K. I. Crossley, , and W. L. 
Webb, Hale. Internal.Comb Engines. (2 Figs.) 
February 23, 1915.—This invention relates to the kind of internal- 
combustion oil-engines of either the two-stroke or four stroke 
type in which the oil fuel is injected as y under pressure 
from a pump, accumulator or the like, at or near the end of the 
compression stroke, into the air compressed into the combustion- 
chamber without the assistance of ———— gasor air, andin 
which engines the heat duced by the pression of the air 
charge in tre cylinder may be or may not be sufficient to effect 
ignition. The object of the invention is to enable engines of the 
kind described to be opera’ by means of tar-oil or of alcohol 
or of any liquid fuel having either a high specific gravity or/and a 
high ignition point. The ignition of such oils presents difficulty 
owing either to the use of a very high-compression pres- 
sure, or to the use of a vaporiser or igniter. According to 
this invention, the engine is provided with either two separate 
fuel injectors or sprayers, one for power oil and one for 
ignition oil, and arranged either in one or two separate housings, 
or with a single fuel-injector or sprayer in the housing of which 
are arranged separate ports for the two fuels. In either case the 
tuels are injected by themselves as spray intoa single combustion- 
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chamber by means of pumps, accumulators or the like. Refer- 


ring to the drawing, rig. 1 shows a A and 
fe B of an engine of the kind described, and provided with 
guition-oil and power-oil injector housings © and D. An 
ignition device, if one is used, may be arran at E. It will be 
noted that in this illustration the ition-oil injector and power- 
oil injector are contained in separate housings, but, as before 
8 ated, they may both be contained, if desired, in a single 
housing. In Fig. 2a single oil-injector or sprayer is shown in 
section, and is provided with a single delivery-valve F of the 
loaded piston-vaive type (loaded by means of a spring or other 
means, not shown). This valve is lifted off its seat by pressure of 
the oil from a pump, accumulator or the like. The ition 
oil enters the housing by the port G, and the power oil by the 
port H. The ignition oil-port may terminate just behind the 
seating of the delivery-valve, as shown, or at the seating 
itself, as shown in dotted lines at K, or it may em , a8 shown 
by dotted lines at L, into the deliv port M, between the 
delivery-valve seating and the spray-orifice or orifices N, or, if 
preferred, it may em directly into the busta hamb 
ln) an orifice such as that shown by dotted lines at P. 
(Sealed. 
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| 
a low pressure, and the electrodes are so completely freed | 
from gas, that electrical conduction through the tube occurs as a | 
substantially pure elect discharge, and evid of positive 

ionisation are substantially absent during the operation of the 

tube. When the cathode is heated toincandescence, for example, | 
by means of a battery 5, anda sufficiently high potential is m.- | 
Pp d bet the hode and anode, and with the ancce at | 
a temperature not above du!l redness, 











e of current can— 
Because of this 
asymmetric characteristic the tubes 1 and 2 therefore may be | 





pressure, and maintaining the state of stress between the magnet 
and the supporting member occasioned by such pressure for an 
ppreciable length of time. Fig. 1 illustrates a pair of permanent 
nagnete 10 secured to a shoe 11, in accordance with the principle 
of this invention. The permanent magnets 10 are of a well-known 
“esign employed in electric motor meters for damping the rota- 
tion of the movable el t. The ts are ada; to be 
securely fastened to the shoe 11 in accordance with the principle 
of this invention. The shee 11 is cast of composition metal, which, 
4s is well known, is considerably softer than the hardened steel of 
the magnets. Ia accordance with the present invention, that 
portion of each permanent magnet to which the shoe is attached 
. of substantially trapezoidal cross-section. This will be clearly 
seen by reference to Fig. 2 of the drawings, wherein the magnet 

’ 18 represented as having a substantially quadrilateral cross- 
— with two sides substantially parallel and the other two 
~ es non-p arallel and converging towards each other. The shoe 
1a3 @ base portion 12, which is adjacent the longer of the two 








parallel sides of the magnet, and which is provided with projec- 
tions 13 in engagement with this side of the magnet. It will be 


| ceiving current. The desire 


ted in such a manner to an alternat'ng source of current, | 

for example, the secondary of a transformer 6, that one half wave | 
will pass through tube 1, and the other half wave will pase 
through tube 2. In the tions illustrated, the cathode of 

tub? 1 and anods of tube 2 are connected by conductors 7 and 7! 
to one terminal of the t former dary, \_~ the cathode of 
joa A +, 8 








tube 2 and the anode of tube 1 are } 
and 8! to the opposite terminal of the transformer secondary. | 
For stereoscopic X-ray examinations the two tubes may be sup- 
ported by an adjustable stand 9. Opposite the tubes is located 
an adjustable tripod 10, carrying a fluorescent screen 11 and a 
shield 12, in which are located two sight-holes 13, 14, spaced 

@ suitable distance so that one eye of the observer can be placed 
to one — and the other eye to the other sight-hole, to 
observe images on the screen 11. A shutter 15 (shown in 
dott«d lines) is located to revolve between the two sight-holes 
in synchronism with the alternations of the electrical current 
supplying the X-ray tubes. A hole 16 in the shutter 15 2 
tioned to uncover the sight-hole 13 when the tube? is r ving 
current, and to uncover the sight-hole 14 when the tube 1 is re- 
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February 12, 1915.—This invention relates to an apparatus for 
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guiding bars of iron or steel into the rolls during the process of 
rolling, and it concerns tus of the kind which comprise 
hydraulically-operated guide-blocks made in halves or parts 
adapted to be moved or closed together into the operative 
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guiding position under the action of hydraulic 
object of the present invention is to provide simple and efficient 
apparatus for the purpose menti According to this inven- 
tion, a guide-block is employed having a divided guide, whereof 
either or each part is moved towards the other by means of an 
hydraulic piston directly pressing on the back thereof. In carry- 
ing out the invention, a guide-block @ of any suitable form and 
means of attachment to t pps b is made with a slot ¢, in 
which two half-guides d and ¢ may be adjusted sideways to any 
position, but end movement towards the rolls is prevented by a 
flange f at the in-going end. One of the half-guides ¢ may be not 
movable, but supported, as shown in Fig. 3, by an extension a! of 
the guide-block. The movable part d of the guide is fitted with 
one or more bolts g which pass through holes in the guide-block, 
and springs / Lage | on the nuts cause the movable part d of 
the guide to be pulled away from the fixed part e of the guide. 
A cylinder is formed in the block a, fitted with a plunger i, made 
tight for fluid pressure by any suitable means, the end of the 
plunger projecting through the block into the slot c and pressing 
on the back of the movable part d of the guide. This hydraulic 
cylinder, with its cover securely jointed and connected to an 
operating valve of any suitable type by a pipe j, may be integral 
with the guide-block, or it may be a separate cylinder properly 
secured to the block, so that the piston presses direct on the back 
of the guide to be moved. The workman can operate by a 
handle in any convenient position the valve admitting or ex- 
hausting the fluid pressure to and from the cylinder, thus causing 
the plunger i to overcome the resistance of the springs h, and 
close the movable part d of the guide upon the bar being rolled. 


(Sealed. ) 
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353/15. The British Thomson-Houston Company, 
Limited, London (General Hlectric Company, Schenectady, 
U.S.A.) Centrifugal Compressors. (7 Figs.) January 8, 
1915.—This invention relates to centrifugal air-compressors, 
especially of the multi-stage type, and its object is to provide 
an efficient cooling system therefor, in order to abstract the heat 
arising from the compression of the air and the friction of the 
same against the walls of the curved passages through which it 
flovs. The invention consists in a diaphragm for a multi-stage 
centrifugal compressor, ourens upper and lower halves 
having two hollow walls divided by staggered radial partitions 
into compartments, all of which contain baffle-plates, cross- 

ges connecting one wall with the other, the partitions, 
affie-plates, and cross-passages being so arranged that the 
cooling medium flows in two streams in a tortuous course through 
successive compartments in the two wallsalternately. The casin; 
of the hine is posed of an upper half 10 and a lower half 
11, meeting on a horizontal axial plane. The intake 12 for the 
air is located in the head 13 of the casing, the outlet 14 being in 
the head 15. The halves of the casing and the heads are suitably 
flanged and secured together by bolts. The lower half has feet 
which are supported by a a suitable bed-plate or other founda- 
tion. In the heads of the casing are bearings in which are 
journalled the shaft 16, on which are mounted any desired 
number of impellers 17. The drawings show a three-stage 
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machine having three impellers, each of which has a central 
body, with blades 18 cast into it on both sides. The air or 
other fluid enters each set of blades in an anial direction, 
but it is thrown off from the periphery of the impeller in a 
radial direction, its velocity being altered to pressure in suitable 
stationary discharge passages. The impellers act successively 
upon the fluid, which is forced from one to another throu; 
passages japhragms which separate the chamb n 
which the impellers work. The degree of compression to 
which the fluid is subjected depends upon the number and 
size of the impellers and the speed at which they are rotated. 
In order to cool the compressed air, water or other heat absorb- 
ing medium is circulated through the machine in proximity 
in the air-passages. The interior of the casing has a plurality 
of inwardly extending longitudinal radial ribs 19, whose edges 
are bored out cyli ly to fit the — oy of the 
circular diaphragms 20, The air entering through the intake 12 
divides into two a of which goes directly to the right- 
hand side of the first (right hand) impeller. in Fig.i, through the 
central eye 21, while the other portion divides into four parallel 
streams, which flow through the 22 between the ribs 19, 
Peeea oreens Se 08 e of the d ragm tothe radial p: 

3 therein, which uct it tothe left-hand side of the first im- 
peller, The air thrown off by this impeller passes to the lef! 


in the d 








| the cham 


with the 23) to the right-hand side of the next i 1 





while the remainder flows through longitudinal spaces 25 (alter- 
nating with the spaces 22) to the left hand side of the next im- 
peller by way of radial passages in thenextdiaphragm. The walls 
of each diaphra are hollow and the chamber in each wall is 
divided in two horizontally, because the diaphragm is made in 
upper anc lower halves, to facilitate assembling and repairs. At 
four points the right and left chambers in each half communicate 
through passages formed in the partitions 26 between the radial 
passages 23, 24, the outer portions of said partitions being 
doubled-walled for that purpose (Fig. 2). Each of the chambers 


is ted a tank j. A pumpk is connected by means of a pipe J 
with the tank j, and by means cf a pipe m with a troughl. At 
the same time the tank J is provided with a further pipe n, which 
is connected to the same at a point level with the desired water- 
level in the trough b. This pipe n is so arranged as to allow water 
to pass from it into the tank j. The pump & is su to be 
connected up to any suitable going part of the winding-frame or 
machine, so as to be constantly rotated whenever the frame is 
working. 0 is a splash-board to prevent.any water which may be 
ame or squeezed out of the yarn from reaching the interior of 
e 





in the hollow walls of the diaphragm is divided into compart- 
ments by means of staggered partitions 50 and 51, and each com- 
partment has one or more baffle-plates. Coming through a pipe 
27, the water enters a compartment in the left-hand lower 
chamber of the diaphragm (as seen in Fig. 3). This chamber is 
shown in section in Fig. 4, and it will be seen by following the 
arrows that the water divides into two parts, one flowing to the 
right, and the other to the left, and both passing ina serpentine 
course, first through the two lower chambers and then through 
the pipes 28 connecting the lower chambers with the upper 
chambers, and then through the two upper chambers until it 
leaves by the pipe 29. Tracing the path of the right-hand water 
stream in Fig. 4, it is seen to 3 over the edge of the baffle 30 
in compartment 31, left wall, then through a cross- ge 32 in 
@ partition 26 to the right-hand compartment 33 in the lower 
chamber of the right wall of the diaphragm; then over and 
under the edges of the staggered baffles 34, then in part through 
a pipe 28 to the compartment 35 in the upper chamber of the 
right wall, and in part through a cross-passage 36 to the com- 








partment 37 in the left wall; thence through a pipe 28 to the 
compartment 38 in the upper chamber of that wall. Passing 
around the baffle 39 in the compartment 38 the water goes through 
@ cross-passage 40 in the compartment 35 in the right wall, where 
it dodges around the staggered baffles 41 to the cross-passage 
42, by which it returns to the left wall, = compart- 
ment 48 from which, after rounding the baffle 44, it escapes 
by the pipe 29. e course of the other half of the water 
arcund the left-hand side is identical with that just de- 
scribed, the two portions meeting in the compartment 43. 
It will thus be seen that the cooling medium passes from 
@ compartment in one wall across to a compartment in 
the other wall, thence back to the next compartment in the 
first wall, and so on, flowing through successive compartments in 
the two walls alternately. The cooling water contains more or 
less air, which is liable to collect in upper corners in the com- 
partments and prevent the water from coming in contact with 
the heated metal. Vent-holes 45 are provided in the partitions 
and baffles at points where the air or cooling medium is likely to 
pocket, so that the air can escape and be carried away by the 
circulating water, which can thus reach all nooks and corners of 
rs. The heated water, escaping through the pipe 29, 
flows into an open funnel 46, thus enabling the attendant to see 


| at a glance whether each diaphragm is getting the proper quantity 


of cooling water and whether any undue heating is occurring. 
The several diaphragms are connected in multiple to the water- 
pipe 47, and the several funnels deliver the water to a common 
waste-pipe 48. The entire casing may be surrounded by a 
jacket 49, forming an enclosing space, through which cooling 
water can be circulated. (Sealed.) 
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$415/15. C.C. Coffey, Bradford, and R. 8S. Jennigs, 
Steeton. Moistening Yarn. [1 Vig.) March 3, 1915.—The 

esent invention relates to improvements in and relating to the 
moistening of spun yarn during winding and similar processes, 
and has for its object an improved arrargement of parts for 
ensuring @ constant amount of moisture being imparted to the 

arn by maintaining the water-level constant in the usual trough 
S which the roller over which the yarn passes is located. Accord- 
ing to this invention, the usual trough is connected up to the 
tank containing water and to a pumpin such a way that water 


is pum from the tank into the trough whenever the machine 
is working, and at the same time water which rises above a pre- 
determined level in the trough is permitted to pass back to that 
tank. The usual moistening-roller a is, as usual, mounted in a 
trough b, while the ma ¢ to be wound passes from a bobbin d on 
to a cheese or the like ¢, passing over guide-rollers f and g. The 
guide-roller / is preferably mounted on the trough as shown, so 
that the amount of yarn which is in contact with the roller a can 
be regu The part marked A represents a tension device. In 





part of it dividing through the radial passages 24 (which alt t 





rep! 
with the present invention, below the trough b there 





hi This splash-board o is provided with a pipe p leading 
down to the tank j. The action of the device is as follows :— 
Whenever the winding-frame is running the a k is operated, 
and in being operated raises water out of the tank j and feeds it 
into the trough b. As soon as the water in the trough 
rises above the predetermined level, determined by the mouth of 
the pipe n, it will overflow by the pipe n, and pass back to the 
trough j. By this means it will be seen than an absolutely constant 
water-level will be maintained in the trough } so long as there is 
any water in the tank j, with the result that the amount of water 
picked up by the roller a and imparted to the yarn c is absolutely 
constant, so that a uniform moistening effect on the yarn is 
ensured. (Sealed.) 
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4525/15. H. O. Short, London. Airships. (2 Figs.) 
March 23, 1915.—This invention relates to valves for gas-con- 
tainers for airships and balloons, and which valves may be 
arranged to be positively operated by means of cords or the like, 
or may be automatic in action to allow the gas to escape when 
the pressure within the container exceeds a predetermined maxi- 
mum. According to this invention, the frame of the valve is 
secured to one end of a flexible sleeve, the opposite end of which 
latter is secured to the surface of the fabric surrounding an aper- 
ture through the envelope of the gas-container, so that the valve- 
frame can be inserted and withdrawn through the aperture in the 
envelope from the exterior thereof, means being provided for re- 
taining the frame in position when so inserted, which means are 
capable of removal to permit of the withdrawal of the valve-frame 
from said envelope. The valve consists of a frame, composed of 
two or more, preferably three, superposed rings 1, 2, 3 of wood 
or metal, between which rings the outer edge of an annular flexi- 
ble diaphragm 4, which is to form the valve-seat, is clamped, the 
inner edge of the diaphragm 4 being provided with a non-exten- 
sible ring 5 of metal, wood, or the like Olamped between two 
of these superposed rings 2, 3 is one end of the sleeve or tube 6 of 
suitable fabric, or may be india-rubber or the like, the said sleeve 
6 extending over the outer periphery of the rings 1, 2, while its 
opposite end is secured in any suitable manner, as by sewing to 
the interior surface of the fabric surrounding an aperture in the 
envelope 7 of the gas-container, the aperture being of such dimen- 
sions as to allow the valve and its frame to be placed within and 
be withdrawn from the envelope. This sleeve 6 forms the means 
for supporting the valve and its framework within the said 
envelope, and is retained in position within the said envelope by 
means of a short, rigid tube 8, which is removably placed between 
the inside of the sleeve 6 and the outer periphery of the rings 
composing the frame. The ie end of the rigid distancing-tube 
8 bears against an annular diaphragm 9 of suitable fabric, the 
inner and outer edges of which are stiffened by means of non- 
extensible, may be metal, rings 10, 11, the outer ring 11 being of 
slightly smaller diameter than a non-extensible ring 12, which 
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edges the aperture in the envelope 7, whilst the inner ring 10 is 
of such a diameter as to leave a perfectly free gas- past the 
valve-seat. The annular diaphragm 9 is removably secured to the 
envelope by lacing 13, connecting the outer ring 11 of the dia- 
phragm 9 tothe ring 12 surrounding the aperture in the envelope 7. 
A movable valve 14, formed of a disc of suitable material, prefer- 
ably metal, is supported by one of the superposed rings forming 
the valve-frame, the valve-disc being to formed, preferably con- 
cave, as to present an edge which bears upon the valve-seat. 
The centre of the valve is provided with means for connecting the 
inner ends of radiating wires or cords 15, the outer ends of which 
are connected to one of the superposed rings of the valve-frame 
at the opposite side of the diaphragm 4 forming the valve-seat, 
the said wires or cords 15 forming the means for controlling the 
movement of the valve 14 up to a predetermined limit. In order 
to ensure the valve returning to its seat, a plurality of radial 
—- 16 are provided, attached at opposite ends to the centre 
of the valve-dise and to the ring of the frame to which the dis- 
tancing-wires 15 are attached. The radial + prings 16 are preferably 
detachably connected to the valve or to the frame, or to , and 
may be formed of india-rubber cord, having eyes 17 attached to 
the 0; te ends to engage studs on the vave-disc and frame. 
The ial springs 16 are so arranged that they assume an ovut- 
wardly inclined angle from the centre of the valve-disc to their 
point of connection to the ring, even when the valve-diec is in its 
normal position ; thus, upon the valve being opened, the said 
springs are subjected to still further tension and they assume 4 
still greater angle with respect to the said valve-disc 14. The 
superposed rings, between which the valve-seat ey ane 4 and 
the end of the sleeve 6 are clamped, are ted together euit- 
ably, by means of bolts 18 which pass through the rings in the 
direction of their axes, and are secured in position by nuts, pre- 
ferably wing-nuts, as shown, screwed on to the outer ends of the 
bolts 18, so as to be accessible from the exterior of the envelope 7 
after removing the diaphragm 9, which is, as before stated, laced 
to the envelope surrounding the valve aperture. (Sealed.) 











